t 


RETURN  THIS  BOOK  ON  OR  BEFORE  THE 
DATE  INDICATED 


A CHARGE  IS  MADE  IF  BOOKS  ARE 
LOST  OR  DAMAGED. 


IDENTIFICATION  OF  BORROWERS  IS  REQUIRED 


V-  • .s-\ 


•V' 


t 


i 


- - ' i- 


• » 


) 


■ ' V ^ 


• I 


i" 


. %• 

-^4 


• i'i 


c* 


Digitized  by  the  Internet  Archive 
in  2016 


https://archive.org/details/textbookofpaleon00zitt_0 


TEXT-BOOK  OF  PALAEONT()LOO\ 


TEXT- BO  OK 


OF 

PALAEONTOLOGY 


BY 

KARL  A.  VON  gITTEL 

PROFESSOR  OF  GEOI.OO.Y  AND  PALAEONTOLOGY  IN  THE  UNIVERSITY  OF  MUNICH 


TRANSBATEI)  AN1>  EJllTED  BY 

CHARLES  R.  EASTMAN,  Ph.D. 

IN  CHARGE  OF  VERTEBRATE  PALAEONTOLOGY  IN  THE  MUSEUM  OF  COMI'ARATIVE  ZOOLOGY 
AT  HARVARD  COLLEGE,  CAMBRIDGE.  MASS. 


ENGLISH  EDITION  REVISED  AND  ENLARGED  BY  THE  AUTHOR  AND  EDITOR 
IN  COLLABORATION  WITH  THE  FOLLOWING  SPECIALISTS  : 

FISHER,  A.  S.  WOODWARD  ; A.MPHIBIA,  E.  C.  CA.SE  ; REPTILIA,  .1.  R.  HATCHER. 

H.  F.  OSBORN,  R.  W.  Wl  I, LISTON  ; AVER,  F.  A.  LUCAS 


VOL,  II.  WITH  373  WOODCUTS 


iLflUtjOn  . j 

MACMILLAN  AND  CO.,  Limiteu 

NEW  YORK:  THE  MACMILLAN;  C-IJl  CAN  V 

1902 


All  rights  rcserfi’J 


Z69t 


c c 


% 1 


EDITOR’S  PREFACE 

Thk  present  volume  continues  the  translation  of  Professor  Von  Zittkl’s 
Gh-undziige  der  PalarontoJngv'  through  the  Vertebrates  as  far  as  the  class  Aves, 
and  corresponds  in  scope,  though  not  in  extent,  to  the  third  volume  of  the 
well-known  Handlnich  by  the  same  author.  The  final  volume,  when  pnl)lished, 
will  be  devoted  exclusively  to  the  Mammalia. 

The  translation  of  the  Vertebrates  has  been  conducted  on  the  same  plan  as 
the  preceding  volume,  and,  like  it,  has  been  appreciably  enlarged.  Although 
nearly  all  portions  have  received  the  benefit  of  expert  revi.sion,  and  some  are  of 
composite  authorship,  yet  on  the  whole  the  original  text  has  been  more  closely 
adhered  to  than  in  the  case  of  the  Invertebrates.  The  classification,  also, 
departs  from  that  of  the  Gmndziige  in  only  a few  minor  particidars.  The 
chapters  on  Fishes  and  Amphiljians  are  chiefly  in  the  nature  of  a literal 
translation  ; those  on  Keptiles  and  Birds  ai’e  more  modified,  at  least  in  certain 
parts. 

Dr.  Ain'HUR  .Smith  Woouward,  of  the  British  Museum,  is  to  be  credited 
with  the  entire  translation  and  revision  of  the  class  Pisces,  on  which  group  he 
is  acknowledged  to  be  the  most  emitient  living  authority.  He  has  been 
careful,  however,  to  sul)ordinate  his  views  on  various  taxonomic  points  to  those 
of  the  Author.  In  the  same  way  Dr.  K.  C.  Cask,  of  the  State  Normal  School 
at  Milwaukee,  Wisconsin,  performed  the  principal  labour  of  translating  and 
revising  the  chapter  on  ^dmgiliibiu,  and  assisted  in  the  task  of  rendering  the  text 
on  lieptilia  into  English.  Owing  to  the  untimely  loss  of  the  late  I )r.  OflORGE 
Baur,  of  Chicago  University,  the  te.vt  for  the  various  orders  of  Picptilia  failed 
to  receive  the  benefit  of  his  collaboration.  It  is  also  to  be  deplored  that 
the  arrangements  made  with  Professor  O.  C.  M.trsh  for  the  revision  of  the 
Dinosauria  were  cut  short  by  the  final  passing  in  1898  of  this  distinguished 
patron  of  Palaeontology. 
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Grateful  acknowledgments  are  due  to  Professor  H.  F.  Osborn  and  Dr. 
0.  P.  Hay,  of  the  American  Museum  of  Natural  History  in  New  York,  and  to 
Mr.  J.  P.  H.A.TCHER,  of  the  Carnegie  IMuseum  at  Pittsburgh,  for  valuable  notes 
and  suggestions  on  the  group  of  Peptiles,  especiall}'  the  order  Dinosauria  ; and 
to  Professor  8.  W.  Wii.liston,  of  the  State  University  of  Kansas,  for  his  revision 
of  the  Reptilian  orders  Squamata  and  Pferosduria,  with  notes  on  the  Plemmiunn 
and  Chelonia.  To  Mr.  Frederic  A.  Lucas,  of  the  United  States  National 
Miiseum  at  Washington,  was  confided  the  task  of  arranging  the  text  for  the 
class  Aves  in  its  present  shape,  which  invoh-ed  the  rewriting  of  the  entire 
systematic  and  most  of  the  general  or  introductory  part.  The  balance  of  the 
present  volume,  in  so  far  as  it  departs  from  the  original  text,  owes  its  condition 
conjointly  to  the  work  of  the  Author  and  Editor. 

In  spite  of  the  imperfections  inevitable  to  a treatise  produced  in  this 
manner,  the  hope  is  expressed  that  the  subject-matter  will  be  found  moi'o 
nearly  up  to  date,  and  on  the  whole  better  adapted  to  the  needs  of  English- 
speaking  students  than  wotdd  have  been  the  case  had  the  Editor  contented 
himself  with  bringing  out  a strictly  literal  translation.  He  would  likewise 
speak  a word  of  gratitude  for  the  many  favours  and  indulgences  he  has 
received  at  the  hands  of  his  fi'ietid  and  master,  the  Author. 

CHARLES  R.  EASTMAN. 
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Phylum  VIII.  VERTEBRATA 


BilateraUy  symmetrical  animals,  icith  a cartilaginous  or  ossified  vertehrcd  axis, 
which  is  'Usually  composed  of  a series  of  similar  segments,  the  same  supporting  the 
central  nervous  system  and  dividing  the  trunk  into  a dorsal  and  a 'ventral  portion. 
Never  more  than  two  pairs  of  limhs. 

The  vertebral  column  develops  from  a rod-like  cellular  tissue  of  gelatinous 
consistency  {chorda  dorsalis),  of  which  the  outer  (skeletogenous)  layer  gradually 
subdivides  into  a number  of  similar  segments,  which  are  originally  cartilagin- 
ous but  subsequently  calcified  liy  the  deposition  of  phosphate  of  lime  or  are 
replaced  by  bone  substance.  At  the  anterior  end  of  the  vertel)ral  column  is 
the  cranial  capsule  enclosing  the  brain,  also  the  visceral  skeleton.  The 
appendicular  skeleton  is  likewise  preformed  in  cartilage,  and  among  the  higher 
Vertebrata  usually  develops  completely  into  bone  substance.  Oidy  some  of 
the  lowest  Vertebrata  exhibit  a persistently  cartilaginous  internal  skeleton. 
The  calcification  of  the  cartilage  in  the  sharks  and  skates  takes  place  in  such 
a way  that  a homogeneous  limey  suljstance  is  deposited  l)etween  the  cartilage 
cells,  while  in  ossification  the  original  cartilage  cells  disappear,  and  by  re- 
sorption of  the  intercellular  substance  there  arise  canals  with  blood  vessels 
(Haversian  canals)  as  well  as  small  hollow  spaces  (lacunae,  bone  coiqmscles) 
filled  with  bone  cells  (osteoblasts).  The  latter  ai'e  connected  with  the 
Haversian  canals  by  very  fine  tubules  {jiriiniti'vrohrchen)  I'adiating  in  all 
directions.  In  many  fishes  the  lacunae  (bone  corpuscles)  are  wanting,  so  that 
the  primitive  tubules  arise  directly  from  the  Haversian  canals. 

The  skeleton  of  the  extremities  consists  of  several  articulated  segments 
which  e.xhibit  an  extraordinarily  varied  arrangement  according  to  the  function 
of  the  limbs. 

The  nervous  system  consists  of  a central  organ  divided  into  brain  and 
spinal  cliord,  from  which  numerous  nerves  arise  and  extend  throughout  the 
whole  of  the  body.  The  blood  is  first  driven  to  the  organs  of  respiration 
(gills  or  lungs)  by  means  of  a heart  provided  with  one  or  two  auricles,  and 
after  it  has  traversed  the  body  in  numerous  veins  it  returns  to  the  heart. 
The  oesophagus,  stomach,  intestine,  liver,  kidneys,  and  spleen,  as  well  as  the 
organs  of  generation,  lie  in  the  ventral  part  of  the  Ijody.  The  skin  is  often 
provided  with  hairs,  spines,  scales,  feathers,  or  bony  plates. 

As  a rule  only  remains  of  the  bony  skeleton,  teeth,  or  hard  ossified  parts 
of  the  skin  are  available  to  the  palaeontologist  for  investigation  ; but  tliese 
can  generally  be  determined  with  great  certainty. 

The  following  five  classes  of  Vertebrates  are  distinguished  ; — Pisces, 
VOL.  II  B 
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Amphibia,  lieptilia,  Ares,  and  Mammalia.  Recently  the  numerous  groups  of 
Tujiicaia  and  Leptocanlii  have  been  placed  with  these  as  special  classes  and 
often  regarded  as  the  ancestors  of  the  Vertebrates.  As  these  have  left  no 
fossil  remains  in  the  rocks,  the  palaeontologist  discovers  no  clue  to  the  origin 
of  the  Verlehratu. 


Class  1.  PISCES.  Fis 


I'l.i.  1. 

.1,  iSoalH  ol‘  Sci/U'unn  ru nlnila. 
Uecent.  Scales  of  Can  Aa/*<a.v 

(Priniiodo/))  (janncticus.  Recent. 
-MaL^nilied. 


Fn;.  *J. 

Large  i>lacoid  scale  of  ]'nju 
(n)ti(ju(t,  with  spine.  Pliocene. 
Xat.  size. 


Cohl-blooded  animals  living  in  water  and  usualhj  hrealhing  exclusirehj  hi/  gills. 
Limbs  in  the  form  of  fins.  Skin  ivith  scales  or  bom/  plates,  rarelg  naked.  Vertebral 
axis  ending  m a vertical  caudal  fin.  Heart  with  a single  rent  ride  and  auricle.  Xo 
amnion  or  allantois. 

To  the  skin  structures  of  fishes  belong  the  scales,  dermal  liones,  spines, 
tin  rays,  and  teeth. 

Scales. — Louis  Agassiz  distinguished  four  kinds  of  scales,  to  which  in  his 
system  there  correspond  as  man)'  orders. 

] . Placoid  scales  occur  only  among  the  Selachians.  They  are  usually 
, I,  small  rhombic  plates,  star- 

shaped, leaf -shaped, 
j)ointed,  spade-shaped,  or 
ill)  I'y  even  conical  structures 

' ' . .. . i „ ^.-1^  which  lie  close  together 

and  form  a rough  mosaic 
(shagreen).  The  placoid 
scales  are  often  of  variable 
form  on  different  parts  of 
the  body,  and  sometimes 
{e.g.  among  the  rays)  single 
tubules  are  conspicuous  by  their  large  size  and  sculpture,  and  appear  as  thick 
plates  externally  roughened 
or  provided  with  spines. 

Placoid  scales  (Pigs.  1-3) 
have  the  structure  of  teeth 
and  consist  of  a basal  plate 
(of  thick  phosphate  of  lime) 
penetrated  by  vertical 
bundles  of  connective  tissue 
fibres  sunk  in  the  skin,  and 
a freely  projecting  upper 
part  composed  of  dentine 
and  penetrated  by  coarser 
and  finer  little  canals.  All 
the  canals  arise  from  a cavity 
(pulpa,  p)  filled  with  connec- 
tive tissue  and  tooth  cells 
(odontoblasts,  o),  and  sub- 
divided outwards  into  continually  finer  branches.  Besides  phosphate  of  lime 
the  dentine  comjirises  small  (juantities  of  fluoride  and  carbonate  of  lime.  The 
core  of  dentine  is  covered  by  a thin,  shining,  very  hard  structureless  outer 
layer,  which  corresponds  histologically  and  chemically  with  the  enamel  of 


Sagittal  section  tlirough  a scale  of  Scipnnus  lichia.  Recent. 

71,  Basal  jilate.  J>,  Dentine.  5,  Enamel ; c,  Cutis  ; (/,  Horizontal 
dentine  canals  ; /,  Bundles  of  connective  tissue  ; Large  jirincipal 
dentine  canal  e.vtending  upwards;  o,  Odontoblasts;  ji,  Puli)  cavity 
(after  O.  Hertwig) 
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teeth.  Placoid  scales  often  fall  out  and  are  replaced  like  teeth  by  successional 
tubercles. 

2.  Ganoid  scales  (Figs.  4-7)  attain  a larger  size  than  placoid,  and  usually 
cover  the  whole  trunk.  They  are  of  rhombic  or  rounded  shape,  and  in  the 
latter  case  overlap  one  another 
like  roofing  tiles.  Those  of 
rhombic  form  are  usually 
arranged  in  regular  rows,  and 
are  movably  articulated  by  a 
tooth-like  process  of  the  upper 
margin  which  fits  into  a corre- 
sponding hollow  on  the  inner 
side  of  the  adjoining  scale. 

The  exposed  outer  face  is 
covered  by  an  enamel  layer 
(ganoine) ; it  is  usually  thick 
and  shining,  sometimes  dark- 
coloured,  smooth,  rugose,  or 

ridged,  and  beneath  it  there  is  a basal  plate  consisting  of  bone  substance  and 
pierced  by  numerous  canals.  Among  the  Palaeozoic  genera,  indeed,  the  basal 
plate  shows  great  complexity.  The  deeper  layers  include  numerous  lacunae 


Fig.  4. 

Scale  of  Cosniopturhius  str/atn.'^,  Ag. 
sp.  Outer  (A)  ami  inner  (B)  a.spects. 
Lower  Carboniferous, 


Fig. 

'I’wo  scales  of  J'olij- 
ptrrus  hichir,  Boiiap. 
Kcceiit.  Inner  aspect. 
Nat.  size. 


Fig.  G. 

Vertical  section  of  a scale  of  Lepidostens. 
Recent.  S,  Enamel ; d,  Eentine  tubules  ; 
h,  Haversian  canal,  (after  O.  Hertwig). 


Fig.  7. 

Vertical  section  of  a scale  of  GlyptnIepL^, 
liighly  magiiirted.  Devonian.  «,  h,  Layer 
of  vasodeiitine  with  spindle-shaped  bone 
lacunae ; c,  Bony  layer  with  Haversian 
canals  ; d,  Layer  with  tine,  branching 
dentine  tubules  (cosmine) ; c,  Enamel  (after 
Pander). 


(bone  corpuscles)  and  Haversian  canals,  while  the  upper  layers  as  a rule  are 
traversed  only  by  fine  dentine  tubules. 

3.  Cycloid  and  ctenoid  scales  are  exactly  alike  in  general  characters,  being 
thin,  elastic,  and  of  rounded,  elliptical,  four-,  five-,  or  six-sided  shape.  They 
consist  of  a homogeneous,  transparent  shining  surface-layer  of  phosphate  of 
lime,  and  of  a base  of  connective  tissue  deficient  in  alkalies.  The  scales  are 
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develo[)ed  in  special  folds  of  the  cutis,  and  generally  overlap  one  another  like 

roofing  tiles.  Cycloid  scales 
(Fig.  8,  A-C)  generally  exhibit 
a rounded  or  oval  form  and  a 
simple  non  - serrated  hinder 
border.  In  ctenoid  scales 
(Fig.  8,  1),  E)  there  project 
from  the  hinder  border  small 
points  and  denticles,  which  are 
sometimes  arranged  in  several 
series  one  behind  the  other, 
and  may  indeed  cover  a con- 
siderable part  of  the  hinder 
surface  and  have  the  same 
structure  as  the  superficial 
i||||||iiirri,!r'i>v From  the  so-called 
Ml  mMl  primitive  field  divergent  lines 

ifwilfflri'l  ^ radiate  chiefly  forwards  and 

backwards,  and  sometimes  also 
pass  into  reticulations ; these 
lines  being  merely  fissure-like 
interruptions  in  the  outer  layer 
(Fig.  9).  Between  the  upper 
parallel  layers  of  the  fibrous 
connective  tissue  of  the  base 
there  are  often  intercalated 
small,  round,  concentiically  marked  calcareous  l>odies,  which  are  most 
numerous  beneath  the  primitive  field,  sometimes  fused  with  each  other  into 
a continuous  layer,  and  here  and  there 
exhibit  bone  cells.  Such  scales  are  not 
essentially  diti'erent  from  very  thin 
ganoid  scales. 

The  large  plates,  shields,  sj)ines,  etc., 
which  partly  cover  the  body  and  partly 
the  head  of  many  fishes  (Arthrodira, 

SilurulKe,  Acijicnseridae),  consist  either 
of  uniform  l)one  substance,  or,  like  the 
ganoid  scales,  of  layers  of  ostaine, 
dentine,  and  enamel. 

Large  spines  (Ichthyodorulites), 

(Fig.  10)  generally  occur  on  the  front 
margin  of  the  median,  and  more  rarely 
of  ])aired  fins,  or  on  the  head  of  carti- 
laginous fishes  (Sel((chii).  They  are 
muscles  by  an  elongated  liase,  only  exceptionally  (Chimaera)  articulated  with 
a lower  piece.  Like  the  scales  and  teeth  of  Placoid  fishes  they  consist 
either  entirely  of  dentine  or  of  dentine  and  vasodentine.  Ichthyodorulites 
often  attain  a remarkable  size,  and  occur  isolated  in  a fossil  state,  while  the 
Palaeozoic  examples  are  sometimes  characterised  by  a rich  sculiituring. 

The  outer  projecting  parts  of  the  fins  are  also  to  be  regarded 


I'li;.  f-. 

Cycloid  scales  of  A,  Leurisni!^,  B,  Moruinruit,  and  Xn ucrateii. 
Ctenoid  scales  of  Sohnt,  ainl  E,  Ilold'-’oiithus.  Much  ina-tnihed. 


I- 1 L 

External  surface  nf  a scale  of  BJcin'onectes,  to  show 
the  vjicnities  (./)  between  the  laised  concentric  lines. 
Very  much  magnified  (aftei-  Jiainlelot). 

usually  implanted  loosely  in  the 


as  dermal 
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structures.  They  arise  as  folds  of  skin,  which  gradually  become  strengthened 
by  numerous  horny  fibres  (Selachii,  Dipnoi).  In  most  Ganoids  and  Tele- 
osteans  these  fibres  are  replaced  by  bony  rays,  which 
consist  of  two  closely  apposed  halves.  In  the  Acan- 
thopterygii  (Fig.  11)  each  half  consists  of  a single 
piece ; in  the  Malacopterygii  the  rays  are  subdivided 
by  transverse  sutures  into  numerous  little  pieces  and 
often  branch  towards  the  end.  Spiny  and  articulated 
rays  frequently  occur  in  one  and  the  same  fin,  and  in 
this  case  the  spines  are  always  in  front.  The  rays  of 
the  unpaired  fins  are  borne  as  a rule  on  flat  cartila- 
ginous or  bony  supports  with  which  they  articulate 
(Fig.  11,  C).  These  fin  supports  penetrate  between 
the  spinous  processes  of  the  vertebrae  and  are  known 
as  axonosts  or  (according  to  their  position)  as  inter- 
neurals  and  interhaemals. 

In  many  Selachians  {Fristiophoms,  Puya)  every 
gradation  can  be  observed  between  the  Placoid  scales 
of  the  external  skin  and  the  teeth ; and  as  both 
exhibit  essentially  the  same  histological  structure, 
while  the  teeth  onh''  assume  a firm  connection  with 
the  head  bones  in  the  higher  fishes,  the  teeth  must 
indeed  be  regarded  as  dermal  structures. 

Among  fishes  all  the  cartilages  or  bones  surround- 
ing the  mouth  and  gill  cavity  may 
Ijear  teeth.  They  originate  in  the 
calcification  of  skin  papillae,  con- 
sisting of  a crown  which  freely 
projects,  and  of  a root  which  is 
surrounded  with  connective  tissue 
or  united  with  the  head  bones. 

Their  form  and  proportions  are 
extraordinarily  variable  according  to 
their  functions.  All  gradations  exist 
from  the  minute  granular  denticles  of 
the  ].)erch  to  the  long  brush-like  teeth 
of  the  sheat-fish,  to  the  rolmst  }>re- 
hensile  teeth  of  the  pike  and  the 
powerful  conical  or  laniary  teeth  of 
Dendrodus  or  Portheus.  Among  the 
sharks  there  often  occur  teeth  shaped 
jj  like  an  arrow-head,  flattened  on  one  side,  with  or  without 

.U  nays  from  the  lateral  deuticlcs.  To  crush  the  food  there  are  sometimes 
thoptLyiian  Khl  obtusely  coiiical  teeth,  sometimes  bean-shaped,  hemispherical, 
support  or  interspiii-  or  pavemeiit-Uke  teeth,  and  in  certain  Selachii  the  teeth  are 
closely  pressed  together  into  a continuous  mosaic.  Peculiar 
cutting  dental  plates  of  considerable  size  occur  in  Diodon,  Arfhrodi ra,  and 
Chimaera. 

The  number  of  the  teeth  in  fishes  is  also  as  varied  as  their  shape. 
While  the  Dipnoi,  Chimaeroidei,  and  Gymnodonts  possess  only  four  to 
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six  teeth  in  all,  in  many  Sharks  and  Teleosteans  these  are  nuinhered  by 
hundreds. 

In  the  young  of  almost  all  fishes  the  teeth  are  fixed  to  the  cartilaginous 
or  bony  support  by  fibrous  connective  tissue,  and  in  sharks  and  in  many  boni' 
fishes  this  arrangement  persists  throughout  life,  so  that  after  long  maceration 
the  teeth  can  easily  be  stripped  off  their  base.  In  bony  fishes  and  many 
ganoids  the  roots  of  the  teeth  become  fused  with  the  bone,  and  a socketdike 
elevation  usually  grows  round  the  teeth.  Exceptionally,  teeth  are  also  im- 
planted in  distinct  sockets.  The  successional  teeth  are  usually  developed  by 
the  side  of  the  functional  teeth  and  continually  push  them  out. 

M ith  few  exceptions  the  crown  of  the  tooth  consists  of  dentine,  vaso- 
dentine,  and  enamel,  the  root  of  vasodentine  or  osteodentine.  The  enamel 
forms  a very  thin  brilliant  homogeneous  superficial  layer,  as  hard  as  glass,  and 


Fic.  I'->. 


V«*rtic:il  section  of  a toolli  Lcpi- 
dotns  (Sjihnermlus)  (fiijas,  Ag.  Con- 
sisting of  <lent  int*  (/^  and  onaiHPl  (N). 
U])i)er  Jurassic.  Mucli  inagniticd. 


I'D  h 
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Vertical  section  of  part  of  a 
tooth  of  a ])ike  (Eso:i).  Itecent. 
D,  Dentine.  S,  Enamel.  K/>, 

Vaso«lentine.  If’.  Hoot  of  tooth. 
Much  nia^mili(‘d  (after  Sternberg). 


Fig.  1-4. 

Vertical  section  of  a tooth  of 
Otodns.  Eocene.  J),  Dentine. 
.S,  Enamel.  FD,  Vasodentine. 
Much  magnified. 


is  easily  recognised  in  })olarised  light  by  its  double  refraction.  Very  fine 
unbranched  tubules  frequently  pass  from  the  dentine  into  the  enamel.  It  is 
composed  of  phosj)hate  of  lime,  with  a little  fluoride  of  lime,  a little  carbonate 
of  lime,  phos2)hate  of  magnesia,  and  a very  small  (juantity  of  organic  matter. 
The  dentine  or  tooth  substance  contains  no  fluoride  of  lime  but  much  more 
organic  matter  than  the  enamel,  is  less  hard,  and  dissolves  more  slowly  in 
acids.  Typical  dentine  (Fig.  12,  I>)  is,  traversed  by  very  fine  outwardly 
branching  tubules,  which  radiate  outwards  from  the  pulp  or  its  branches,  and 
contain  thread-like  processes  of  the  tooth  cells  (odontoblasts).  The  dentine  is 
also  very  frequently  traversed  by  large  anastomosing  canals  (Haversian  canals), 
in  which  blood-vessels  jienetrate,  and  the  walls  of  which  are  covered  with 
odontoblasts.  Fine  dentine  tubules  then  radiate  in  a peripheral  direction 
from  these  large  canals.  This  vascular  modification  of  tooth  substance  is 
known  as  vasodentine  (Figs.  13,  14,  1T>). 
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The  root  of  the  teeth  of  fishes  is  distinguished  from  the  crown  by  the 
absence  of  an  enamel  layer.  It  consists  either  entirely  of  vasodentine,  or  also 
exhibits  bone  cells  with  radiating  primitifm  tubules  (osteodentine). 

The  internal  skeleton  of  fishes  shows  that  in  the  different  orders  of  this 
class  there  persist  until  adult  life  almost  all  the  stages  of  development  which 
are  only  temporary  among  the  higher  Vertelirates.  The  whole  j)rocess  of  the 
gradual  segmentation,  chondrification,  and  ossification  of  the  vertebral  column 
and  of  the  rest  of  the  skeleton  is  quite  clear  in  the  different  groups  of  fishes, 
and  the  fossil  forms  frbm  the  Palaeozoic  and  Mesozoic  deposits  furnish  the 
most  important  information  in  this  respect. 

Vertebral  Column. — The  first  trace  of  the  internal  skeleton  in  all  Yertebrata 
is  confined  to  an  elastic  rod-like  structure  (chorda  dorsalis)  extending 


consisting 


of 


oil-bearing 


longi- 
cells,  and 
the  spinal 


or 


tudinally  on  the  dorsal  side  of  the  body, 

enveloped  in  a laminated  sheath.  Upon  the  chorda  dorsalis  lies 
chord  ; below  it,  the  ventral  cavity  of  the  body. 

The  vertebral  column  persists  throughout  life  in  this  primitive  stage  only 
in  Amphioxus.  The  notochord,  indeed,  still  remains  iinsegmented  in  the 
Cyclostomes,  but  the  spinal  chord  is  already  protected  by  arch-shaped  bars  of 
cartilage  developed  in  the  sheath  of  the  notochord  (neural  arches) ; and  at  the 
front  end  there  is  developed  a cartilaginous  capsule  for  the  reception  of  the 
brain. 

In  all  typical  fishes  the  notochord  is  divided  into  ring-shaped  segments 
(vertebrae),  and  is  partly  or  completely  cartilaginous  or  bony.  The  chondri- 
fication or  ossification  always  arises  in  the  outer  skeletogenous  layer  of  the 
notochordal  sheath,  and  begins  with  the  upper  and  lower  arches. 

A complete  vertebra  consists  of  a verte):)ral  body  (centrum)  surrounding 
the  notochord,  two  upper  half-arches  surrounding  the  neural  canal  (neuro- 
pophyses),  and  two  lower  half-arches  (hemapophyses).  The  upper  arches  are 
united  with  a dorsal  spinous  process  (processus  spinosus,  spina  dorsali 
neural  spine),  while  the  lower  arches  either  unite  in 
the  caudal  region  into  a ventral  spinous  process  (spina  [ 

ventralis),  or  remain  as  lower  transverse  processes 
(parapophyses). 

In  many  fishes  provided  with  a 
vertebral  column  (Selachians  and  Acipenseroids),  there 
are  interposed  between  the  upper  and  lower 
cartilaginous  intercalary  pieces  (intercalaria) 
sometimes  exceed  the  arches  in  size  (Fig.  15,  i). 

The  vertebral  centra  or  vertebral  Imdies  in  cartila- 
ginous fishes  usually  surroiTud  a persistent  remnant 
of  the  notochoi’d,  which  pierces  the  whole  of  the 
vertebral  column  and  jjartly  fills  the  intervertebral 
spaces.  The  cartilaginous,  calcified,  or  bony  anterior 
and  posterior  faces  of  the  vertebral  bodies  are  deeply  hollowed 
cones  (amphicoelous),  and  thus  give  the  centrum  an  hour-glass  shape. 
In  the  Selachii  there  is  usually  a partial  calcification,  in  the  Ganoidei 
and  Teleostei  an  ossification  of  the  jirimitive  cartilaginous  centrum. 
^Yhile,  however,  the  bony  fishes  generally  exhibit  com])lete  ossification 
of  the  whole  vertebra  with  all  its  processes,  the  ganoids  of  the  Palaeozoic 
and  Mesozoic  dejiosits  display  every  possible  stage  in  the  j)rocess  of 


cartilaginous 


arches 
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Tlireo  cauilal  vcrtebrat*  of 
Centrophnrus  in  si'le  view,  hu, 
Haemal  arches  ; i,  Intercalary 
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ossification . 

of  the 


edges 


In  completely 
anijihicoelous 


ossified  vertebrae  the  anterior  and  posterior 
centra  ai'e  in  close  contact  and  also  bound 
together  by  ligaments  : the  notochord 
persists  only  in  • the  intervertebral 
spaces,  and  does  not  form  a continuous 
thread.  The  arches  are  firmly  fused 
with  the  centrum,  and  on  the  anterior 
imirgin  of  the  upper  arches  there 
usually  projects  a short  jirocess 
(^•yg^'-pophysis),  which  overlaps  a 
similar  posterior  process  of  the  centrum 
on  each  side,  and  thus  strengthens  the 
union  of  contiguous  vertebrae  (Fig.  17). 
In  the  hinder  or  caudal  region  the  lower 
arches  form  a ventral  spinous  jirocess 
(Fig.  17);  in  the  anterior  or  abdominal 
region  the  lower  arches  jnoject  as  short 
})arapo})hyses,  and  serve  as  supports 
for  the  movable  ribs.  True  transverse 
processes  (diapophyses,  processus  trans- 
versi),  to  wliich  the  ribs  are  attached  in 
the  highei  A eitelnata,  and  which  arise  from  the  upper  arches,  occur  only 
exceptionally  {I'oh/jitcrus,  Plcitronectett)  besides  the  parapophyses.  In  the 
Cyclostomi  and  Chimaeras  ribs  are  entirely  absent  ; in 


Fin.  111. 

\ ertebnii-  from  the  abdominal  region  of  the  Sturgeon 
(Arijienser),  in  side  view  (.1)  and  in  vertical  transverse 
section  (Jl).  Cartilage  dotted,  bone  white,  ch,  Noto- 
chord ;/,  Nerve  foramina ; ho.  Haemal  arclie.s ; i,  Inter- 
calary iJieces ; m,  Neural  canal;  /i,  Neural  arches; 
/I.  Transverse  iirocesses  (iiarajinphyses) ; r,  Hibs  ; s, 
Sheath  of  notochord;  sji,  Neural  siiines  (after  K. 
Ilertwig). 


cartilaginous 


ganoids  they  are  usually 


the  Selachii  and 

feelily  developed  or  rudimentary 
sides  are  never  united 
with  each  other  at  the 
ventral  border  either 
directly  or  through  the 
intervention  of  a 
sternum.  The  /'/ifer- 
mnsculor  hones,  which 
arise  in  the  membrane 
between  the  muscle 
jilates,  must  ■ not  be 
confounded  with  ribs  ; 
they  are  delicate  bony 
hlaments,  often  forked 
at  one  end,  which  are 
disposed  between  the 
muscles,  and  rest  on 
the  vertebral  centra, 
arches,  or  ribs. 

I he  number  of  the  vertebrae  in  fishes  v<iries  most  remarkalilv  in  the 
diti'erent  grouiis.  In  certain  bony  fishes  {OAf radon)  only  15  are  to  be  counted, 
while  in  others  there  are  70  to  80,  in  the  eel  about  200,  in  many  sharks  from 
350  to  400. 

The  hinder  end  of  the  vertebral  column  in  the  embryonic  stage  of  all 
hshes  is  iliphiirernil  or  heferocerral.  In  the  first  condition  the  vertebral  column 


Kim  17. 

Ciuidal  vertebrae  of  tlie  (,'arj).  A,  Vertical  longitudinal  section  of  three 
v*‘rtebrae,  B.  Detached  vertebra,  chiefly  in  si<Ie  view.  C\  Last  abdominal 
and  first  caudal  A’ertebra.  c,  Centrum;  ch.  Notochord;  ha,  Haemal  arches; 
n,  Neural  arches  ; N/i.d,  Neural  spines  ; zo,  Zygapophyses  (after  11.  Ilertwig). 
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extends  in  a straight  line  to  the  end  of  the  trunk,  and  is  symmetrically 
fringed  above  and  below  with  the  caudal  tin.  The  Cyclostomi,  Dipnoi,  and 
many  Crossopterygii  (Fig.  18)  remain  in  this  embryonic  stage  throughout  life. 
In  the  heterocercal  fishes  (sharks,  rays,  many  ganoids)  the  end  of  the  A^ertebral 


Fk;.  is. 


Uii)}iycercal  caudal  tin  of  Pnlypterushichir^  Bouap.  Recent. 
rh,  Hinder  end  of  vertebral  column  (after  Kdlliker). 


Externally  and  internally  heterocercal  caudal 
tin  of  the  ISturgeon  (Acipenser). 


column  is  bent  upwards,  and  completely  passes  into  the  upper  lobe  of  the 
caudal  fin,  which  is  usually  elongated,  and  exceeds  the  lower  lobe  in  size  (Fig. 
19).  Between  the  diphycercal  and  heterocercal  types  of  tail  there  are  many 
gradations.  In  the  hetero-diphycercal  tail  the  vertebral  column  is  elongated 
in  a gentle  upward  curve  at  its  hinder  end,  and  fringed  above  and  below  with 


Fio.  -20. 


Internally  heterocercal  caudal  tin  of  Amia. 
Recent,  rh,  Cartilaginous  himler  end  of  the  ver- 
tebral column,  with  rudiment  of  notochord  (after 
Kdlliker). 


Externally  homocercal  (stegurons)  caudal  tin  of  the 
Salmon  (.'>alnw  sakir).  a,  h,  e,  Upper  roofing  liones  of 
the  end  of  the  notochord  ; rh,  Projecting  end  of  tin* 
notochord  (after  Kdllilver). 


fin  rays  ; but  the  rays  of  the  upper  lobe  are  much  less  developed  than  those 
of  the  lower  lobe.  Sometimes  also  the  external  caudal  fin  consists  of  two 
similar  lobes,  while  the  vertebral  column  is  bent  upwards,  and  extends  far 
into  the  upper  lobe  (Fig.  20).  Such  fins  are  externally  homocercal,  internally 
heterocercal.  In  the  hemi-heterocercal  tail  the  upper  lobe  of  the  externally 
symmetrical  caudal  fin  is  still  partly  or  completely  covered  with  scales. 
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In  iill  cycloid  and  ctenoid  fishes  the  caudal  fin  is  externally  and  internally 
homocercal  (Fig.  21).  The  vertebral  colnnin  terminates  in  front  of  the  fin 
with  a vertebra  bearing  a liroad,  vertical,  fan-shajied  plate  (hypural),  which  is 
formed  by  the  fusion  of  several  fin  supports  and  haema])ophyses.  This 
terminal  plate  generally  encloses  a short,  upwardly  directed  remnant  of  the 
notochord  or  a bony  style  (urostyle).  There  is  thus  an  internal  heterocercy 
as  the  basis  of  the  homocercal  tail. 

Nearly  all  Palaeozoic  fishes  have  a dijihycercal  or  heterocercal  tail ; hemi- 
heterocercal  forms  begin  with  Acentrophoms  in  the  Upper  Permian,  and  are 
common  in  the  Triassic  and  Jurassic.  The  Cretaceous,  Tertiary,  and  Pecent 
bony  fishes,  when  adult,  exhibit  a homocercal  tail ; but  in  their  immature 
condition  there  is  always  a diphycercal  or  heterocei'cal  stage. 

— The  head  forms  the  anterior  end  of  thevertebral  axis,and  its  skeleton 
exhibits  a greater  complexity  in  fishes  than  in  the  higher  Vertebrates.  Except 


I'lG.  2-2. 

Skull  ami  hnuicliial  ap|»aratu.s  of  Hisso.  lUl,  Hays  of  tho  hyoid  arch  ; Cerato* 

hrai.cliial ; Co,  (;oj>ula  of  tin*  hyoid  arch  : Co',  Hindennost  copula  of  the  )>ranchial  arches  ; KHr,  Kpibranchial ; 
Kth,  Elliiuoidal  n*j;iou  : //»/.  Hyoid  arcli  : ///Zr,  Uyobraiichial  ; //i/.l/’,  llyoinandibular  ; L,  />',  //',  Anterior  (pre* 
maxillary),  po.'*:teri<jr  (maxillary),  and  inb'vior  (jtretnamlibular)  labial  cartilap*s  ; Md,  bo\v(*r.ia\v  or  mandible  ; Occ, 
(>cci])ital  re;;ion  ; Po,  INjsturbital  jirocess  ; I\>,  l*alato(jua<lrate.  ///-H//,  Branchial  arches  (after  Gegenbaur). 


in  yJmphiojiis^  the  brain  is  enclosed  in  a cartilaginous  or  bony  cajisule,  the  skull 
or  cranium,  which  also  contains  the  organs  of  hearing,  sight,  and  smell.  AVith 
the  skull  are  connected  a large  number  of  ])aired  cartilaginous  or  bony  pieces, 
which  together  form  the  so-called  visceral  skeleton. 

The  embryonic  primordial  cranium  of  all  Vertebrates  is  cartilaginous,  and 
is  developed  like  the  vertebral  column  round  the  notochord,  which  always 
extends  far  into  the  base  of  the  skull. 

Among  the  Selachii  (Fig.  22)  the  whole  cranial  skeleton  is  cartilaginous, 
and  oidy  exceptionally  hardened  by  the  deposition  of  ])hosphate  of  lime 
(Ichthyotomi).  The  long  cranial  capsule  does  not  exhibit  any  sutures,  and 
comprises  in  its  anterior  part  (ethmoidal  region)  the  olfactory  nerves,  in  the 
middle  (orbital  region)  the  optic  nerves  and  eyes,  in  the  hinder  part  the 
organs  of  hearing  and  the  hemispheres  of  the  cerebrum  and  cerebellum.  The 
visceral  skeleton  consists  of  a number  of  variously  shajied  cartilaginous  arches, 
of  which  the  foremost  (palatoquadrate)  surrounds  the  cleft  of  the  mouth,  and 
is  characterised  by  its  relatively  large  size.  The  two  movable  branches  of 
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the  lower  jaw  are  articulated  with  the  palatoquadrate.  Two  small  labial 
cartilages,  sometimes  termed  maxilla  and  premaxilla,  occur  on  each  side  in 
front  of  and  below  the  palatoquadrate.  The  latter  element  is  connected 
with  the  skull  in  the  ethmoidal  region  bj'  ligament,  and  in  the  hinder  portion 
by  the  second  visceral  arch,  of  which  the  upper  portion  (hyoniandibular)  is  in 
contact  with  the  auditory  region  of  the  skull,  while  the  lower  portion  forms 
the  hyoid  arch.  The  palatoquadrate  and  mandible  are  provided  with  teeth. 
Behind  the  hyoid  arch  there  follow  five  (rarely  seven)  other  visceral  arches, 
which  serve  for  the  support  of  the  respiratory  organs,  are  composed  of  several 
pieces,  and  united  ventrally  by  median  intercalary  pieces  (copulae).  Both  the 
gill  arches  and  the  hyoid  bear  cartilaginous  gill  rays.  In  the  llolocephali  the 
palatoquadrate  and  hyomandibular  fuse  together  and  with  the  cranial  capsule. 
The  mandible  thus  becomes  autostylic,  i.e.  articulates  directly  with  the 
cranium. 

In  the  cartilaginous  ganoids  {Adpenser,  Spatularia),  bony  elements  begin 
to  take  part  in  the  formation  of  the  head.  The  cranial  caj)sule,  indeed, 
remains  for  the  most  part  cartilaginous  ; but  externally  there  are  a number 
of  bony  plates,  which  cover  the  cranium  on  the  top  and  sides,  and  there 
is  also  developed  below  the  base  of  the  skull  a long,  delicate,  dermal  bone 
(parasphenoid),  which  extends  forwards  to  the  ethmoidal  region  and  backwards 
even  beyond  the  occiput.  The  palatoquadrate,  hyomandibular,  and  mandible 
are  also  covered  with  bone  ; and  the  fold  of  skin  covering  the  gill  clefts  is 
likewise  ossified  as  a single  gill  cover  (operculum).  The  palatO(piadrate 
and  hyomandibular  form  the  freely  movable  (hyostylic)  supjtorts  of  the 
mandible. 

The  Dipnoi  resemble  the  cartilaginous  ganoids,  except  that  in  them  the 
palatoquadrate  and  hyomandibular  are  fused  with  the  cranium  (autostylic). 

In  the  scaly  ganoids  and  bony  fishes  a more  or  less  complete  ossification  of 
the  cranial  capsule  and  visceral 
skeleton  occurs.  The  ossifica- 
tion begins  first,  as  in  the  carti- 
laginous ganoids,  with  dermal 
bones,  and  then  the  substitution 
of  bony  substance  for  cartilage 
follows.  The  distinction  between 
dermal  bones  and  ossified  carti- 
lage (cartilage  bones)  can,  how- 
ever, only  be  made  by  determin- 
ing their  mode  of  development. 

In  the  cranium  proper  (Fig. 

23)  three  regions  are  distin- 
guishable— the  occipital  portion, 
the  auditory,  and  the  orbito- 
ethmoidal  regions.  The  hinder- 
most  or  occipital  region  consists  of  four  cartilage  bones: — (1)  The  lower 
occipital  bone  (occipitale  basilare,  basioccipital),  which  usually  contains  a 
persistent  remnant  of  the  notochord,  and  is  in  contact  with  the  vertebral 
column  with  its  deeply  hollowed  hinder  end  ; (2,  3)  a right  and  left  lateral 
occipital  (occipitalia  lateralia,  exoccipitals),  which  bound  the  greater  part  of 
the  foramen  magnum  ; and  (4)  an  upper  occipital  (occipitale  superius,  supra- 


Craniuiii  of  tlie  Carji  (Ctjprinns  mrjdo,  Ijiiiii.).  AIS.  Ali- 
splieiioid  ; 110,  Basioccipital ; BSph,  Basisphenoid  ; Ep,  Epiotic  ; 
Etli,  Btlimoid  ; Exo,  Exoccipital ; Er,  Frontal ; io,  Interorbital 
OpO,  Opistliotic  ; OSpih,  Orbitosxdieiioid  ; Erf,  Prefrontal ; PrO, 
Prootic  ; Ftf,  Postfrontal ; SO,  Supraoccipital ; Sip  Squamosal  ; 
Vo,  Vomer  (after  K.  Owen). 
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occij)ital),  ivliicli  belongs  to  tlie  cranial  roof,  often  thrust  between  the  parietal 
bones,  and  provided  with  a vertical  median  crest. 

The  auditory  capsules  are  surroundeil  laterally  by  several  pairs  of  bones 
often  completely  covered  by  the  facial  and  other  mendirane  bones.  Among 
them  are  distinguished  immediately  in  front  of  the  exoccipitals  the  opisthotic 
(OpO),  the  epiotic  (EpO),  adjoining  the  latter  in  its  hinder  upjier  part,  and 
the  prootic  (Ei'O),  which  is  usually  pierced  by  the  trigeminal  nerve.  With 
these  bones,  which  form  the  auditory  capsule  projier,  there  is  connected  a 
bony  plate  on  each  side  aljove  and  in  front  of  the  opisthotic,  which  originates 
partly  from  membrane,  partly  from  cartilage,  and  is  named  the  squamosal 
(■'>1/)  or  pterotic  (\V.  K.  Parker);  the  mandibular  suspensorium  (hyoman- 
dibular)  articulates  with  its  lower  face. 

The  lateral  investment  of  the  middle  orliital  region  of  the  skull,  which 
sometimes  remains  cartilaginous  or  membranous,  and  is  sometimes  more  or 
less  completely  ossified,  consists  externally  of  facial  bones.  Two  pairs  of 
bones  can  be  distinguished  here,  posteriorly  the  alisphenoid  jilaced  just  in 
front  of  the  prootic,  and  anteriorly  the  orbitosjfiienoid ; both  pairs,  but 
especially  the  orbitosphenoids,  often  fuse  together  conqjletely  in  the  middle 

line.  The  base  of  the  skull 
is  formed  by  a large  dermal 
bone,  the  long,  sword- 
shaped parasphenoid, 
which  abuts  behind  on  the 
basioccipital,  in  front  on 
the  vomer. 

The  roof  of  the  two 
hinder  regions  of  the  skull 
only  rarely  arises  in  carti- 
lage ; it  usually  consists 
of  membrane  bones,  which 
are  intimately  connected 
with  the  cartilage  ele- 
ments. There  are  thus 
intercalated  between  the 
supraoccijiital  and  the 
S(pianiosals  two  parietal 
bones,  and  these  are 
followed  in  front  by  the 
two  frontal  bones,  which 
often  fuse  together  into  a 
large  simjfie  plate.  By 
the  side  of  the  latter  and 
in  front  of  the  squamosal 
there  occurs  the  ])ostf  rontal 
(sphenotic,  W.  K.  Parker), 
in  the  Ganoids,  but  is  a cartilage  bone 
There  is  also  occasionally  a small  supraorbital  above  the 


Ku;.  i>4. 

(.'ranial  skelfton  oT  tin*  Salmon.  Tho  i)Hrsistent  nartilage  of  the 
cranium  doUeil  ; tlie  bones  fleveloped  from  cartilage  lettered  in  italics, 
the  membrane  bom*s  in  Homan  type.  .1,  Kye : Ang,  Angular;  Art, 
Artinihir;  Br.H,  Hranchiostegal  rays;  (\lfy,  Crratohyal;  I),  Dentary; 
K.Ily,  Kpihynl : Kp.O,  Kjiiotic;  Kth,  ICthnioiA ; Fr,  Frontal;  Glosso- 

hyal  : If.Hii,  Hypoh yal ; IIM,  If  i/nmainlifiuld r ; K>]),  Interoperculuiu  ; Ju, 
Jugal;  ]j,  Laciirymal ; M.Pf,  Sfi'tupti'ryfjoitl ; Jf.v.fY,  Mesoptcrygoid ; Mx, 
.Maxilla;  Xa,  Nasal;  Op.  operculum;  Pa.  Parietal;  Pmx,  Preinaxilla; 
Pop,  Preoperculum;  /V,  Pnttitinc:  rt.O,  Ptrroiir  (witli  squamosal) ; Qii, 
Quadmir ; .s’.o,  ,'<Hpr(>ncnpif(iJ ; Sb.Or,  Suhorbitiils ; SOp,  Suboperculmn  ; 
SOr,  Sn]>raorbital  ; Sy,  (after  Parker). 


which  Ijelongs  to  the  membrane  series 
in 


the  Teleosteans. 


eyes. 

The  anterior  ethmoidal  region  possesses  as  its  base  the  vomer  (J'o)  or 
ploughshare  lione,  which  also  forms  the  anterior  part  of  the  roof  of  the  hard 
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palate.  From  the  A'omer  on  either  side  there  slopes  upwards  and  outwards  a 
prefrontal  bone  (ethmoidale  laterale,  'W.  K.  Parker),  which  is  connected  above 
with  the  frontal  and  with  the  ethmoid  (Efh),  which  surrounds  the  nasal 
capsule  above,  in  front,  and  partly  at  the  side.  One  or  more  small  ossifica- 
tions above  each  nasal  opening,  which  are  sometimes  fixed  to  the  outer  face  of 
the  ethmoid,  are  termed  nasal  bones  or  nasalia  (Xa). 

To  the  visceral  skeleton  (Figs.  21,  2-5)  belong  the  jaw  apparatus,  the 
facial  bones,  and  the  gill  arches.  The  hyomandibular  is  in  close  connection 
with  the  hinder  part  of  the  palatoquadrate.  Thus  arises  the  so  - called 
suspensorium,  which,  as  support  of  the  mandible,  is  movably  connected  by 
ligaments  with  the  skull.  The  quadrate  articulates  below  with  the  mandible, 
and  is  firmly  fixed  above  with  the  symplectic  which  occurs  at  the  lower  end  of 
the  hyomandibular.  From  the  quadrate  there  extends  forwards  the  angularly 
bent  ectopterygoid,  upwards  the  metapterygoid,  and  again  forwards  the  meso- 
pterygoid,  of  which  the  anterior  end 


The 


liga- 

the 


BtR 


angular, 
laginous,  and 


GH,i 


VHy 


IS  connected  with  the  palatine, 
latter  is  fixed  by  cartilaginous 
ments  at  its  anterior  border  to 
vomer  and  the  ethmoidal  region. 

In  front  of  the  palatine  on  each 
side  there  occur  two  pairs  of  rather 
large  bones,  which  are  usually  pro- 
vided with  teeth.  The  anterior  of 
these,  the  premaxilla  or  intermaxilla, 
meets  its  fellow  of  the  opposite  side  in 
a symphysis  in  front  of  the  ethmoid 
region.  The  hinder  bone,  or  maxilla, 
is  sometimes  connected  with  the  quad- 
rate through  the  intervention  of  a 
slender  jugal  or  supramaxillary. 

The  lower  jaw  (mandibula)  consists 
of  the  articular,  a postero  - inferior 
which  often  remains  carti- 
the  large  principal  piece 
or  dentary  (dentale),  which  usually 
bears  teeth.  On  the  inner  side  there 
is  also  a membrane  bone,  the  splenial 
(or  operculare),  which  not  unfrequently  bears  teeth,  and  sometimes  (as  in  the 
Crossopterygii)  consists  of  two  or  more  bony  pieces. 

Several  opercular  bones  arising  from  a fold  of  skin  attain 
great  development  both 
preoperculum,  is  usually 
which  is  connected  above  with  the  hyomandibular,  below  with  the  quadrate. 
Behind  this  there  is  an  operculum,  usually  of  relatively  large  size,  bounded 
below  by  a suboperculum,  often  also  by  an  interoperculum,  which  is  connected 
with  the  hinder  end  of  the  mandible. 

A variable  number  of  small  dermal  bones  or  suborbitals  (suborbitalia) 
form  the  arched  posterior  and  inferior  margin  of  the  orbit.  The  supraorbital 
{SOr)  above  and  the  lachrymal  (L)  in  front  are  small  dermal  bones,  which  are 
in  close  connection  with  the  cranium,  but  are  only  rarely  developed. 


Fig.  25. 

Right  half  of  the  liyoicl  and  branchial  arches  of  the 
Perch  (Perra  fluviatilis,  Linn.).  Pri?,  Branchiostegal 
rays  ; Co,  Cop'ulae  of  branchial  arches  ; EHy.  Epihyal ; 
GHy,  Glossohyal ; HHy,  Hypohyal ; IHy,  Interhyal  : 
P/is,  Upper  pharyngeal  bones  ;*  UP?/,  Urohyal:"lI, 
Hyoid  arch ; III-VI,  Branchial  arches  (after  Cuvier). 


a 


remarkably 

in  the  Ganoidei  and  Teleostei.  The  foremost,  or 
a rather  long,  slender,  slightly  arched,  bony  plate. 
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The  gill  apparatus  (Fig.  25)  of  the  Ganoidei  and  Teleostei  does  not  differ 
essentially  from  that  of  the  Selachii,  except  that  the  gill  rays  supported  by 
the  hyomandibular  in  the  latter  are  replaced  here  by  opercular  plates,  while 
behind  the  hyoid  there  are  never  more  than  five  (rarely  four)  bony  arches, 
and  the  braiichiostegal  rays  of  the  hyoid  arch  become  robust  bony  pieces  or 
plates.  The  hyoid  is  subdivided  into  an  upper  epihyal,  a middle  ceratohyal, 
and  a small  hypohyal  (basihyal)  consisting  of  two  pieces ; the  median 
connecting  piece  (copula)  is  extended  more  or  less  forwards  into  the  tongue  as 
a glossohyal,  and  is  sometimes  covered  with  teeth,  sometimes  toothless  ; a 
second  segment  of  bone  belonging  to  the  copula,  directed  backwards,  is  named 
urohyal.  The  gill  branches  (branchialia)  also  consist  each  of  three  pieces  (epi-, 
cerato-,  and  hypo-branchiale),  connected  in  the  median  line  with  copulae,  and 
lieset  throughout  their  entire  length  with  delicate  cartilaginous  rays,  some- 
times also  on  their  inner  side  with  tooth-like  prominences  or  spines.  "With 
the  epibranchials  aie  also  connected  the  short  upper  pharyngeal  bones,  which 
often  bear  teeth.  The  last  branchial  arch  is  usually  more  or  less  modified, 
and  forms  the  lower  pharyngeal  bones. 

The  linihs  of  fishes  coni])rise  not  only  the  paired,  but  also  the  unpaired  tins, 
since  both  function  as  organs  of  locomotion.  While,  however,  the  latter  are 
exclusively  dermal  structures,  the  paired  fins  belong  at  least  in  j^art  to  the 
internal  skeleton,  and  correspond  with  the  extremities  of  the  higher  Vertebrata, 
the  pectoral  fins  with  the  anterior,  the  j)elvic  or  ventral  tins  with  the  posterior 
lindjs. 

Both  the  pectoral  and  pelvic  fins  are  connected  with  originally  cartilaginous 
arches  (jiectoral  and  pelvic  girdles),  which  may  l)ecome  ossified  and  covered 
with  bony  plates  in  variable  number.  They  are  entirely  absent  only  in 
AnipJnoxus  and  the  Cyclostomi.  Except  in  the  Selachii,  the  pectoral  girdle  is 
usually  fixed  to  the  supraoccipital  or  squamosal  l)one.  In  the  Selachii  (Fdg. 
28,  A)  it  forms  a simple  arch  of  cartilage,  ventrally  closed,  situated  behind  the 
gills,  its  upper  ends  either  terminating  freely  (sharks)  or  connected  with  the 
vertebral  column  (rays) ; it  is  bent  upwards  at  the  insertion  for  the  fins,  and 
pierced  liy  nerve  foramina.  In  many  Ganoids  (Chondrostei,  Heterocerci, 
Crossopterygii)  the  primary  cartilaginous  pectoral  girdle,  divided  into  two 
])ieces  by  a ventral  suture,  is  covered  on  each  side  by  three  membrane  bones, 
of  which  the  median  and  largest  is  termed  clavicula,  the  lower  one  infra- 
clavicula,  the  uj)per  one  supraclavicula.  The  latter  is  sometimes  divided  into 
two  pieces,  of  which  the  up[)er  is  named  post-temporal.  In  the  other  Ganoids 
and  the  Teleosteans  the  primary  pectoral  girdle  is  entirely  replaced  by  ossifica- 
tion. The  girdle  is  here  formed  of  two  bones  united  by  jagged  suture  on  the 
])ostero-internal  face  of  the  very  large  clavicle,  the  hinder  element  homologous 
with  the  scapula,  the  antero-anterior  element  with  the  coracoid.  In  several 
families  there  is  also  a third,  slender,  arched  bar  {Spangenstiick  or  precoracoid), 
extending  downwards  and  inwards  to  the  lower  end  of  the  clavicle. 

The  clavicle  is  always  the  principal  bone  of  the  pectoral  girdle  in  the 
Teleostei,  and  its  size  and  form  vary  remarkably.  A supraclavicle  and  a 
[)Ost-temporal  {Tt)  rest  on  its  upjier  end ; while  an  ordinarily  slender  acces- 
sory dermal  bone,  the  post-clavicle,  overlaps  it  behind. 

The  pectoral  fins  themselves  can  only  be  homologised  in  part  and  with 
difficulty  with  the  anterior  extremities  of  the  higher  Vertebrata.  If  we 
accept,  with  Gegenbaur,  the  biserial  fin  of  Ceratodus  (Fig.  26)  as  the  basal 
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type  most  closely  approaching  the  primitive  tin  (archipteryginm),  we  observe 
fixed  to  the  mainly  cartilaginous  pectoral  girdle,  two  large  pieces  of  cartilage 
followed  by  a long  row  of  smaller 
cylindrical  or  square  segments,  from 
which  cartilaginous  rays  di^'e^ge  on 
each  side.  The  extinct  Selachian  genus 
Pleuracantlms  also  possessed  a central 
axis  in  the  pectoral  fin  ; but  in  all  the 
other  Selachii  the  cartilaginous  rays 
are  in  one  series.  In  the  latter  there 
are  three  large  adjacent  basal  cartilages, 
the  promeso-,  and  metapterygium, 
each  bears  several  rays 


Fig.  2G. 

Pectoral  tin  of  Ccrutoiius  forsteri,  Kretl't. 
Queensland,  a,  Basal  cartilage  ; h.  Fin 
arch. 


C. 


Recent : 
Pectoral 


consisting 


connected  with  the  pectoral  girdle,  and 
of  pieces  of  cartilage  (Fig.  27).  The 
metapterygium  is  alwa^^s  the  stoutest ; the  two  others  are 
often  much  reduced  or  may  even  be  completely  absent.  The 
dermal  part  of  the  fin  is  itself  always  supported  by  numerous 
horny  filaments  in  pairs. 

In  the  Ganoidei,  and  still  more  in  the  Teleostei,  the 
segments  radiating  from  the  basal  pieces  are  extremely 
degenerate.  Pohjpterus  (Fig.  28,  B)  retains  the  three  basal 
pieces  of  the  Selachii,  but  in  most  of  the  other  Ganoids  the 
metapterygium  forms  almost  the  sole  support  for  the  fin — 
the  meso-  and  propterygium  are  atrophied.  Two  or  three 
rays,  however,  enter  the  same  row  as  the  basal  pieces  and 
are  connected  with  the  shoulder  girdle. 

In  the  same  manner  the  base  of  the  pectoral  fin  in  the 
Teleostei  (Fig.  28,  C)  consists  almost  invariably  of  four  to 
five  similar,  flattened,  bony  pieces,  with  which  a varying 
number  of  short  little  cartilages  are  connected.  In  propor- 
tion as  the  peripheral  parts  of  the  primary  fin  skeleton 
degenerate,  ossified  fin  rays  are  developed  as  secondary  structures  on  each 
side  of  the  dermal  fin  expansion. 

The  so-called  pelvic  girdle  of  the  hinder  extremity  is  considerably  simpler 


Pectoral  fill  of  Squa- 
tina  vulgaris,  Risso- 
With  outer  dermal  rays 
removed,  ms,  Meso- 
pterygium ; rut,  !Meta- 
pterygium;  p,  Pro- 
pterygium ; r,  Radials. 


than  the  pectoral  girdle. 


Among  the  Selachii  it 


appears  as  a 


paired 


or  un- 


Fig. 


Pectoral  arch  and  fin  of  A,  Heptanchus  (Selachii).  B,  Folypterus  (Ganoidei).  C,  Salmo  (Teleostei).  rJ,  Clavicle  ; 
CO,  Coracoid  ; fs,  Outer  dermal  fin  niys  (exoskeletal) ; ms,  Mesopterygium  ; mi,  Metapterygium  ; p,  Proptervgium  ; 
}K‘l,  Postclavicle ; pt,  Post-temporal ; r.  Basal  i*ays  (endoskeletal) ; sc,  Scapula  ; sd,  Supraclavicle. 


paired  rod  pierced  by  nerve  foramina,  either  lying  in  the  longitudinal  axis  of 
the  body  or  forming  an  arch,  convex  in  front,  concave  behind.  To  this  girdle 
are  attached  the  two  basal  pieces  (pro-  and  metapterygium)  of  the  pelvic  fin, 
which  bear  a single  series  of  cartilaginous  rays  on  their  outer  side.  Among 
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the  Ganoids  Fohjpteim  alone  retains  two  small  pieces  of  cartilage  as  remnants 
of  a pelvic  girdle  ; in  all  other  ganoids,  as  well  as  in  the  Teleostei,  the  pelvic 
girdle  is  completely  wanting,  but  the  metapterygium  of  each  side  attains  a 
remarkable  size,  and  forms  the  whole  fin  supjmrt,  sometimes  as  a simple 
elongated  bone,  sometimes  as  a plate  forking  into  two  pieces.  In  the  Ganoidei 
the  rays  belonging  to  the  fin.skeleton  are  occasionally  bony;  in  the  Teleostei, 
on  the  other  hand,  they  are  usually  cartilaginous,  much  reduced,  sometimes 
indeed  completely  absent.  The  membrane  of  the  fin  itself  comprises  numer- 
ous articulated  bony  rays.  In  the  Dipnoi  the  pelvic  girdle  exhibits  a 
])eculiar  development.  It  consists  of  an  unpaired,  quadrangular  plate  of 
cartilage,  which  is  produced  forwards  into  a long  process,  and  supports  the 
cartilaginous  axis  of  the  biserial  fin. 

While  the  pelvic  fins  of  the  Selachii,  Ganoidei,  and  Dipnoi  are  always 
situated  near  the  hinder  end  of  the  abdominal  cavity,  they  are  often  displaced 
forwards  in  the  Teleostei,  becoming  even  connected  with  the  pectoral  girdle. 
Through  this  forward  displacement  of  the  pelvic  fins  there  arise  striking 
modifications  in  the  general  aspect  of  the  bony  fishes,  which  are  of  great 
importance  as  a means  of  classification. 

The  fossil  bones  of  fishes  can  generally  be  recognised  with  certainty  by 
their  external  form.  Their  outer  surface  usually  exhibits  a characteristic 


carl)onatc  of  lime,  and  exhibit  great  variety  in  their  slnqje,  the  sculpturing  of 
their  surface,  and  tlie  nature  of  their  borders. 

Since  the  work  of  Aristotle,  the  classification  of  fishes  has  been  based 
chiefly  on  the  characters  of  the  internal  and  external  skeleton,  on  the  nature 
and  arrangement  of  the  fins,  and  on  the  organs  of  respiration.  Artedi, 
IJonaparte,  Lacepede,  Cuvier,  and  Valenciennes  distinguished  the  cartilagin- 
ous fishes  from  those  provided  with  a bony  skeleton,  and  again  subdivided 
both  sections  in  ditferent  ways  into  several  groups.  In  this  classification  no 
reference  was  made  to  fossil  fishes,  although  sharks’  teeth,  for  example,  teeth 
of  various  bony  fishes  (the  so-called  bufonites,  chelonites,  toad-stones,  and 
snakes’  eyes),  and  also  complete  skeletons  from  different  localities  {ejj. 
Eisleben,  Solenhofen,  Oeningen,  Monte  Bolca,  and  Glarus)  were  already 
known  in  the  eighteenth  century  and  numbers  of  them  had  been  described. 
The  epoch-making  work  of  L.  Agassiz  (1833-1844)  afforded  a complete  survey 
of  all  the  fossil  fishes  known  at  the  time,  and  also  established  on  scale 
characters  a new  sul)division  of  the  fishes  into  four  principal  groups,  namely, 
I’lucoidei,  Ganoidei,  C;/cIoidei,  and  Cienoidei.  Johannes  Muller  united  the  two 
latter  groups  under  the  denomination  of  Teleostei  (bony  fishes),  defined  the 
ganoids  more  iirecisely,  and  subdivided  the  cartilaginous  fishes  into  four 
sub-classes,  namely,  Leptocardii,  Ct/clostomi,  Selarhii,  and  Dipnoi.  The  most 
important  of  the  later  changes  in  classification  consist  in  the  establishment 
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aspect,  on  account  of  numerous  small  rugosities,  open- 
ings of  canals,  and  striations  ; while  tubular  bones  with 
a medullary  cavity  are  here  entirely  wanting.  From 
the  histological  point  of  view,  the  bones  of  many  fishes 
are  noteworthy  for  the  absence  or  very  sparse  develop- 
ment of  bone  cells. 


skeleton.  These  do  not  consist  of  phosphate,  but  of 
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of  the  Lejptocardii  {Amphioxus)  and  Ci/dosfomi  (lampreys  and  hag-fishes)  as 
independent  classes  equivalent  to  that  of  the  fishes, 
and  in  the  closer  union  of  the  ganoids  and  bony  fishes, 
which  are  frequently  grouped  under  the  common 
denomination  of  Teleostoini.  The  class  of  fishes  in  its 
restricted  sense  thus  comprises  the  four  still-existing 
sub-classes  of  Selachii,  Dipnoi,  Gaiioidei,  and  Teleostei  ; 
while  to  these  must  be  added  the  extinct  sub-classes 
of  Ostracodermi  (or  Ostracophori)  and  Arthrodira,  which 
are  restricted  to  the  Palaeozoic. 

No  fossil  remains  of  Leptocardii  are  known.  It 
must  also  be  remarked  that  there  is  no  satisfactory 
evidence  of  extinct  representatives  of  the  Cpclosfu)ni 
or  Marsipobranchii.  Certain  annelid  jaws  from  the 
Palaeozoic  formations,  known  as  Conodonts,  were  once 
erroneously  supposed  to  be  teeth  of  this  class  (see  vol.  i. 
p.  255).  The  problematical  organism  from  the  Old 
Red  Sandstone  of  Achanarras,  Caithness,  named  Falaeu- 
spondijlus  cjuimi^  by  Traquair  (Fig.  30),  is  likewise  very 
doubtfully  placed  here.  The  largest  specimens  of  this 
form  do  not  exceed  0'05  m.  in  length.  The  skull 
terminates  in  front  in  a ring  of  calcified  cirri  {d.c,  l.c, 
v.c),  which  surround  a large  bilaterally  symmetrical 
orifice  {n).  Behind  the  skull  there  extends  backwards 
a pair  of  elongated  cartilages  (*),  usually  lying  in  the 
fossil  parallel  with  the  vertebral  column.  There  are 
vertebral  centra  in  the  form  of  broad  rings  ; in  the 
abdominal  region  these  bear  short  and  stout  neural 


spines. 


but  no  ril)s 


in  the  caudal  region  the  neural 


PalaeosponcJylus  gujint,  Tia- 
iiuair.  Lower  Old  Red  Sand- 
stone ; Caitlmess.  a,  Separati- 
small  lobe  ; h,  Anterior  depres- 
sion or  fenestra  ; c,  Posterior  <le- 
pression  or  fenestra  ; d.c,  Dorsal 
cirri ; Lc,  Lateral  cirri ; //,  Sup- 
posed narial  opening ; p.a,  Para- 


and  haemal  spines  are  very  slender,  while  the  former  chordal  portion  of  sUuii;  t.p, 

1 ,1  1 ..  1 1-  .1  T 1 . • Trabeculo- palatine  iiortion  of 

are  longer  than  the  latter  and  distinctly  dichotomise  skuii ; t-.c,  ventral  cini ; a,-,  rro- 
There  is  no  undoubted  evidence  of 


at  the  distal  end. 
paired  limbs. 


Sub-Class  1.  SELACHII.  Cuvier. 

{Elasnwhranclui,  Bonaji. ; Choiidropferi/r/ii,  Gmither  ■,  Flacoidei,  Ag.) 

Dndoskelefon  caiiilagUious ; exoskekdoii,  ■when  present,  strudurcdhj  identiccd 
with  the  teeth,  {placuid  sccdes).  Usnalhj  five  {rarehi  six  or  seven)  pairs  of  hmnchud 
arches,  the  clefts  exposed  or  covered  oid/i  hg  a fiap  of  skin,  without  opercnhnn.  In 
the  living  forms — optic  nerves  nut  deciisiafing  but  forming  a chiasma ; bulbus 
arteriosus  of  the  heart  with  two,  three  or  more  series  of  valves;  air-bladder  absent  ; 
intestine  with  a spiral  'vabve  ; ovaries  tviih  few  large  ora. 

The  unsegniented  cartilaginous  cranium  of  the  Selachii  is  more  or  less 
imperfectly  hardened  with  polygonal  granules  of  phosphate  of  lime ; but  the 
vertebrae  are  very  variously  calcified,  can  thus  be  readily  preserved  in  a fossil 
state,  and,  according  to  Hasse,  display  features  of  special  importance  for  the 

^ Dean,  B.,  The  Devonian  “Lamprey"  Palaeospondylus  guimi,  Traqnair  (Mem.  N.Y.  Acail.  Sci. 
vol.  II.  pt.  1),  1900.  Bililiograpliy. — Trcniuair,  It.  II.,  A still  further  contribution  to  our  knowledge 
of  Palaeospondylus  (Proc.  Roy.  Phy.s.  Soc.  Edinb.  vol.  XII.),  1894. 
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purposes  of  classification.  In  the  sharks  and  skates  the  pterygoquadrate 
cartilage  of  the  U})per  jaw  is  movably  suspended  from  the  cranium,  and  the 
vertebral  axis  is  often  distinctly  segmented;  in  the  Chimaeroids  {Holocephali) 
the  upper  jaw  is  fused  with  the  cranium  and  the  mandible  articulates  directly 
with  this,  while  the  notochord  remains  unsegmented,  so  that  the  vertebrae 
are  always  indicated  oidy  by  the  arches. 

Among  the  sharks  (Plagiostomi)  the  JSIotidanidae  exhibit  the  most 
primitive  vertebral  axis  (Fig.  31).  Here  regularly  spaced  thickenings  of  the 
notochordal  sheath  constrict  the  chord  itself  and  form  divisions  pierced 
through  the  middle  {DiplospouthiU).  The  term  Cijclospomhjli  is  applied  by 
llasse  to  those  vertebrae  in  which  a calcified  ring  appears  uniting  the 

d 'IV 


lU  w 

Fig.  32. 

Longitudinal  section  of  the  tectospon- 
dylic  vertebral  column  of  Sonatina 
angelus,  Linn,  ch.  Notochord:  d,  Cal- 
cilietl  double-cone  (basis  of  centrum); 
iv,  Intervertebral  space ; v,  Vertebral 
centra  with  concentric  calcified  rings 
(after  Hasse). 


Fig.  31. 

Longitudinal  section  of  the  anterior  part  of  the 
vertebral  column  of  Ileptanchns.  ch,  Notochord  ; 
d,  lncii)ieiit  calcitied  double -cone  (basis  of 
centrum);  iv,  Intervertebral  s])ace  filled  with 
notochord  ; v\  Constriction  of  notochordal  sheath 
(after  Kdlliker). 


ordinarily  calcified  anterior  and  posterior  borders  of  the  primitive  constricted 
centrum  (Fig.  33,  A).  When  additional  calcified  lamellae  concentric  with  the 
first  are  developed  in  the  intravertebral  space,  the  Tcdospondyli  (Figs.  32,  33,  B) 
are  'recognised  ; when,  on  the  other  liand,  calcified  plates  or  ridges  radiate 

from  the  centre  to 
the  periphery,  the 
vertebrae  are 
termed  asterospon- 
dylic,and  thegroup 
Asterospondyli  (Fig. 
33,  C). 

With  the  verte- 
brae there  occur 
most  abundantly 
in  the  fossil  .state 
teeth,  fin  spines, 
and  occasionally 
dermal  plates. 
Sharks’  teeth  are 
among  the  fossils 

which  have  been  longest  known,  and  are  frequently  mentioned  in  the  older 
writings  under  the  names  of  glossopetrae,  birds’  tongues,  and  snakes’  tongues. 
The  form  of  the  teeth  is  very  variable,  often  sharply  pointed  with  cutting  edges, 
single-  or  many-cusped,  but  frequently  also  pavement-like,  with  a flattened, 
bluntly  conical  crown.  They  consist  essentially  of  vasodentine,  dentine,  and 
structureless  enamel  (ganodentine).  Except  perhaps  in  some  extinct  Acan- 
thodii,  they  are  always  fixed  by  ligament,  never  fused  with  the  supporting  jaw. 


.1  /! 


Diagrammatic  vertical  section  througli  tlie  middle  of  Selachian  vertebrae  of  the 
njclospomlylic  (.1),  tectospondif/ic  (Ji),  and  asterospondylic  (C)  types.  C,  Space  for 
notocliord  : I>,  Central  calcified  ring  or  <louble  cone;  E,  Elastica  externa;  II, 
Haemal  arch  ; N,  Neural  arch  (after  llasse). 
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Order  1.  PLEUROPTERYGII.  Dean.’ 

Endoskeleton  well  calcified.  Notochord  appareiithi  not  segmented.  Ptenjgo- 
qiMdrate  arcade  movably  articulated  with  the  cranium.  Orbit  surrounded  u'ith  a 
ring  of  thin  plates  of  dentine.  Paired  fins  supported  by  unjoiiited,  gmrallel  radial 
cartilages,  tvhich  may  be  partly  fused  at  the  base,  but  extend  directly  outwards  to  the 
edge  of  the  fin  membrane.  Pelvic  fins  of  male  without  claspers. 

According  to  Bashford  Dean  and  Smith  Woodward,  the  Plenropteiygii 
include  the  most  primitive  known  representatives  of  the  Selachii.  Their 
vertebral  axis  seems  to  have  remained  unsegmented,  and  in  the  typical  genus 
Cladoseloxhe,  the  tail  is  strongly  heterocercal.  Their  teeth  are  of  the  form 
commonly  known  as  Ctadodus  (Fig.  35)  in  the  Carboniferous  formations,  and 
several  series  must  have  been  ftmctional  at  one  and  the  same  time. 

Cladoselache,  Dean  (Fig.  34).  The  only  well-defined  genus  hitherto  dis- 
covered. The  form  is  elongated  and  round-bodied,  with  a short  blunt  snout  and 


Restoration  of  Cladosclaclic  neichcrriji,  Dean.  Cleveland  Shale  (Upper  Devonian);  Ohio.  An  anterior 
dorsal  tin  has  been  discovereil  since  this  illustration  was  made  (after  Dean). 

forwardly  placed  eye.  Circumorbital  ring  consisting  of  several  series  of  thin, 
irregularly  quadrangular  small  plates.  Mouth  terminal,  and  hyomandibular 
cartilage  slender.  Teeth  largest,  longest,  and  most  acutely  pointed  at  the 
symphysis  of  the  jaw,  smallest  and  shortest  at  the  angle 
of  the  mouth.  Each  tooth  with  one  jrrincipal  cusp  and  a 
variable  number  of  lateral  cusps,  fixed  on  the  anterior 
border  of  a horizontally  expanded  base  ; the  base  of  each 
tooth  overlapped  by  its  successor  behind.  Paired  fins 
lappet-like,  the  pelvic  pair  with  somewhat  extended  base 
line.  Two  low  dorsal  fins,  without  spine.  Anal  fin  not  fig.  s.j. 

yet  observed.  A short  dermal  exijansion  forming  a ciadodus  striatus,  Ag. 

, . ,11  1 1 -1  <■  . 1 11  1 • 1 • . • Tooth,  natural  size.  Car- 

horizontal  keel  on  each  side  of  the  caudal  pedicle  just  in  boniterous  Limestone; 

advance  of  the  strongly  heterocercal  caudal  tin.  Skin  more 

or  less  armoured  with  minute  lozenge -shaped  denticles, 

which  are  apparently  not  enamelled.  C.  kepleri,  C.  fyleri,  and  other  species 

sometimes  two  metres  in  length,  from  the  Cleveland  Shale  of  Ohio. 

The  teeth  termed  Ciadodus  (Fig.  35)  occur  isolated  in  the  Lower  Carboni- 
ferous of  England,  Scotland,  Ireland,  Belgium,  Russia,  India,  and  North 
America.  They  are  also  recorded  from  the  Upjier  Carboniferous  both  of 
Europe  and  North  America,  but  it  is  difficult  to  distinguish  them  from  those  of 
the  genus  SphenacantJms  (p.  27).  It  is  possible,  however,  that  these  teeth  do 

^ Deem,  Bashford,  Contributions  to  the  Morphology  of  Cladoselache  (Journ.  Morphol.  vol.  IX.), 
1894. — A new  CTadoJont  from  tlie  Ohio  Waverly  (Trans.  New  York  Acad.  Hci.  vol.  XIII.),  1894. 
— The  Finfold  Origin  of  the  Paired  Limbs  (Anat.  Anz.  vol.  XI.  No.  22),  189(1. 
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not  all  Ijelong  to  the  Pleuropteiygii.  Cladodus  neihoni,  from  the  Calciferous 
Sandstones  of  East  Kilbride,  Lanarkshire,  is  known  by  the  imperfect  head 
associated  with  a very  remarkable  pair  of  pectoral  fins  (Traqnair,  Trans.  Geol. 
Soc.,  Glasgoiv,  vol.  xi.  1897,  p.  41). 

The  genera  iJicenfrodus,  Traqnair;  Thoehodns,  Lamhdodiis,  Jli/hocladodvs,  St. 
John  and  Worthen  ; Dicrenodus,  Komanowsky  (Curcharopsis,  Ag. ; ITistirdadodus, 
M'Coy),  are  founded  on  detached  teeth,  mostly  from  the  Carl)oniferous  Lime- 
stone, of  uncertain  affinities.  Frofodus,  Smith  Woodward,  founded  on  teeth 
from  the  Lower  Devonian  of  Canada  and  Scotland,  may  also  be  mentioned  as 
a possible  Pleuropterygian. 


Order  2.  ACANTHODII.  Agassizd 

Fiidoskeletou  well  calcified,  wUh  dermal  and  membrane  calcificaHuns  in  the  region, 
of  the  shall  and  pectoral  arch.  Fteri/gofpuidrate  arcade  movahhi  articulated  with,  the 
craniuni.  Orbit  snrroanded  with  a ring  of  thin  ptlates  of  dentine.  Teeth,  when 
present,  Jinnlg  fi.red.  to  the  calcified  sheathing  plates  of  the  j)teri/go(piadrate  and 
inandibalar  cartilages.  E ndosheletal  cartilages  of  all  the  fins  mnch  reduced,  ami  the 
denned  e.cpansion  edmost  or  compdetehj  destitate  of  rags;  each  <f  the  fins  earept  the 
caudal  with  a robust  aiderior  spine  implanted,  in  the  fiesh.  Felric.  fins  of  mede 
without  claspers.  Dermal  armature  of  trunk  consisting  of  snicdl,  cluseig  arranged, 
(piadrate  granules,  wh.ich.  cdso  extend  orer  the  greater  portion  of  the  fins  ; hderal  line 
passing  between  two  scries  of  tlte  granules. 

Two  families  of  tliis  order  are  distinguished,  the  Acanthodidae  with  one 
dorsal  fin,  and  the  Diplacanthidae  with  two  dorsal  fins.  These  fishes  were 
originally  assigned  to  the  Ganoidei  by  Agassiz,  but  their  close  relationships  to 
the  Selachii  were  observed  by  Ijiitken,  Fritsch,  and  Huxley.  While,  however, 
they  wei'e  arranged  by  Liitken  and  Fritsch  among  the  Selachii,  they  were 
regarded  by  Huxley  as  intermediate  between  the  Ganoidei  and  Selachii. 
Later  researches  by  Traejuair,  Smith  Woodward,  and  Keis  seem  to  have 
justified  the  reference  of  the  order  to  the  Selachii. 

The  Acanthodii  comprise  not  only  a number  of  more  or  less  completely 
known  genera  from  the  Devonian,  Carboniferous,  and  Permian  formations, 
but  also  a few  genera  which  are  still  represented  only  by  isolated  fin  spines 
(Haplacjudhus,  Ag.  ; llornacanthus,  Ag.  ; Gi/racanthus,  Ag.  ; and  Llachae racantlms, 
Newberry).-  The  close  resemblance  between  the  spines  of  Clirnatius  and  the 
Ichthyodorulites  named  Ouchns  suggests  that  at  least  some  of  the  latter,  which 
range  throughout  the  Ui)per  Silurian  and  Ijower  Devonian,  also  belong  to 
Acanthodians. 

Family  1.  Acanthodidae.  Smith  A'oodward. 

A single  dorsal  fin.  Free  spines  between  pjaired.  fins  usuallg  absent,  sometimes 
represented  laj  one  rudirnentari/  pair.  Lower  Devonian  to  Lower  Permian. 

‘ Fritsch,  -I.,  Fauna  ilcr  Gaskohle  in  Bnlnni'n,  vol.  It.  Prague,  1889. — Iltcdei/,  T.  //.,  Prelinii- 
n.ary  Essay  upon  the  Systematic  Arrangement  of  the  Fishes  of  tlie  Devonian  Epoch  (Mem.  Geol. 
Siirv.  ilec.  X.),  1861.  — Kncr,  It.,  Sitzungsb.  k.  Akad.  Wiss.  Wien,  Mutli.-nat\mv,  C'l,  vol.  LVII.  ]). 
290,  1S6S.  — I'dirric,  On  the  earliest  known  Vestige.s  of  Verteln-ate  Life  (Trans.  Edinh.  Geol.  Soc. 
vol.  IX. ),  1 869. — liuo/icr,  F.,  Ueber  AcmitJioiies  //rucilis  (Zeitschr.  deut.sch.  geol.  Ges.  vol.  IX.),  1857. 
-ltd.'-,  0.,  Zur  Kenntniss  des  Skelets  der  Acanthodinen  (Geogn.  .lahreshefte,  MUnchen),  1890  anil 
\89i.-.ri'aqmir.  It.  If.,  Geol.  Mag.  1888.  p.  511,  and  1889,  i>.  17. 
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Mesacanthua,  Traquair  (Fig.  36).  A gracefully  fusiform  fish  -with  slender 
spines.  Circumorbital  ring  of  four  plates.  Pelvic  fins  not  much  smaller  than 
the  pectorals,  about  mid- 
way between  these  and 
the  anal ; a pair  of  minute 
spines  between  the  paired 
fins.  Dorsal  fin  more  or 
less  opposed  to  the  anal, 
but  not  in  advance  of  it. 

Mesacanthus  mitchelli, 

Egert.  sp.  (Fig.  36) ; d/. 
peachi,  Egert.  sp.  ; and 
M.  pusiHus,  Ag.  sp.,  from 
the  Lower  Old  Red  Sand- 


BlliS;' 

iii'B 

...  d 

stone  of  Scotland. 
nffinis,  Whiteaves  sp.. 


iM 


Fig.  3(3. 

Mesacanthus  inilchelU,  Eg.  sp.  Lower  Old  Red  Sandstone  ; Faniell. 
Forfarshire.  Xat.  size  (after  Egertoii). 


of 


an  equally  small  species  from  the  Upper  Devonian 
Scaumenac  Bay,  Province  of  Q.uebec,  Canada. 

Acaidhodes,  Ag.  {Acaufhoessus,  Ag.  ; llolacanfhoth'f, 
Beyr.  ; Traquairia,  Fritsch),  (Figs.  37,  38).  A more 


elongated 


fish 

the  pelvic  fins 
the  pectorals 
Teeth  minute 
more  or  less 
supported  by 


Acanfhodes  wardi,  Eg. 
.Skeletal  parts  of  pectoral  fin, 
iiat..  size.  Coal  Measures; 
England,  h,  Hollow  ha.sal 
element ; r,  Dermal  rays  ; s, 
Dermal  spine  forming  an- 
terior border  of  tin  (after 
Smith  Woodward). 


Ag.,  the  typical 
the  Rothliegende 


with  similarly  remote  dorsal,  fin,  but 
relatively  small  and  advanced  forwards, 
larger,  and  intermediate  spines  absent, 
or  absent ; circumorbital  ring  of  four 
sculiftured  plates.  Pectoral  fin  spine 
a hollow,  mesially  constricted  element 
(Fig.  37,  h),  which  abuts  against  the  side  of  its  proximal 
end  ; a close  series  of  short,  fine  dermal  rays  (r)  some- 
times appearing  Ifelow  this  in  the  fin  membrane.  Scales 
smooth.  Ranging  throughout  the  Carboniferous  in 
Scotland,  the  Coal  Measures  in  England  and  North 
America,  and  the  Lower  Permian  in  France,  Germany, 
Bohemia,  and  Siberia.  A.  hronni,  Ag.,  the 
species,  about  0%3  m.  in  len 
of  Rhenish  Prussia  (Lebach  and  Saarbriicken).  A.  grarili%  Beyr.  (Fig.  38), 
from  Klein  Neundorf,  Silesia, 
probably  identical  with  the 
latter.  A.  wardi,  Egert.,  from 
Coal  Measures,  Longton, 

Staffordshire. 

Cheiracanthus,  Ag.  Like 
Acanfhodes,  but  dorsal  fin  arising 
in  advance  of  anal,  and  scales 
sculptured.  0.  murchisoni,  Ag., 
and  other  species  from  Lower 
Old  Red  Sandstone,  Scotland. 

Acanthodopsis,  Hancock  and 
Atthey.  Jaws  with  few  large, 
laterally  compressed,  triangular 


Acanthodes  gracilis,  Bayr.  .Scales  from  the  outer  (.1,  C)  and 
inner  (B)  aspects,  mucli  enlarged.  Lower  Permian  ; Germany. 

teeth.  A.  wardi,  H.  and  A.,  from  Coal 


Measures  of  Northumberland  and  Midlothian. 
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Family  2.  Diplacanthidae.  Smitli  Woodward. 

Two  dorsal  jins.  Free  spines  hehveen  'paired  jins  conspicuous.  Upper  Silurian 
to  Upper  Devonian. 

Diplacanthus,  Ag.  {Bhadinacanfhus,  Traquair).  Trunk  fusiform,  probably 
not  much  laterally  compressed.  Teeth  minute  or  absent;  orbit  with  ring  of 
four  circumorbital  plates.  Pectoral  fins  large,  and  a median  pair  of  stout 
spines  fixed  between  these  to  the  well-developed  basal  supports ; a single  pair 
of  free  spines  between  the  pectoral  and  pelvic  fins.  D.  striatvs,  Ag.,  about 
OT  m.  in  length,  and  other  species  from  the  Lower  Old  Ked  Sandstone  of 
Scotland.  D.  horridus,  Smith  Woodward,  from  Upper  Devonian,  Scaumenac 
Bay,  Canada. 

Ischnacanth'us,  Powrie  (Icf  inocejohalus,  Page).  Much  resembling  Diplacanthus, 
but  the  inner  pectoral  spines  wanting,  aiid  the  jaws  provided  with  a powerful 
dentition.  A few  large,  smooth,  conical  teeth  alternating  with  minute  cusps. 
Scales  smooth.  I.  gracilis,  Egert.  sp.,  from  Lower  Old  Bed  Sandstone,  Turin 
Hill,  Forfarshire. 

Climafius,  Ag.  {Braclipacanthns,  Egert.),  (Fig.  39).  Trurdv  fusiform  and 
laterally  compressed.  Teeth  minute  or  absent ; orbit  with  ring  of  four 
circumorbital  plates.  Fin  spines  remarkably  broad  and  marked  with  coarse 

longitudinal  ridges, 
sometimes  with  posterior 
denticles.  Pectoral  fins 
not  much  larger  than 
the  pelvic  jjair ; three 
or  four  pairs  of  free 
s])ines,  resembling  the 
fin  spines,  between  the 
paired  fins.  C.  reticu- 

CU)natiHs  scutir/i’i',  K'^oriou.  Lower  old  Rod  Samlstone  ; Forfarshire.  Initio  A rv 
Nat.  size  (after  Towrie).  UllUb, 

Plgert.  (Fig.  39),  are 

known  by  nearly  complete  fishes  from  the  Lower  Old  lied  Sandstone  of 
Forfarshire.  Similar  spines  occur  in  the  Passage  Beds  (Downtonian)  of  Here- 
fordshire, and  in  the  Lower  Devonian  of  Campbellton,  New  Brunswick. 

Eufhaccudhus,  Powrie.  Essentially  identical  with  ClimaMus,  but  with 
narrower  straight  sinnes.  Lower  Old  lied  Sandstone,  F'orfarshire. 

Fare.rus,  Ag.  Much  resembling  Climatius,  but  the  anterior  dorsal  spine 
enormously  elongated  and  with  large  posterior  denticles,  F.  inenrms,  Ag., 
and  F.  fulcatu.s,  Powiie,  from  Lower  Old  Bed  Sandstone,  Foi'farshire. 


Order  3.  ICHTHYOTOMI.  Cope.i 

( Froselachii,  Dbderlein . ) 

F ndoskeleton  'Well  calcified,  hut  no  memhraue  calciji  cat  ions.  Fterggopuadrate  arcade 
morablg  articulated  with  the  cranium.  No  circumorhital  plates.  Neural  and  haemal 

' Jlei/i'irh,  K..  Monatsi).  Berlin  Akad.  1848.  iip.  24-33. — Broiiriniart,  C.,  Bull.  8oc.  Indn.strie 
Min.  (Saint  Etienne),  ser.  3,  vol.  11.  livr.  4,  1888. — A’.  iK,  I’roc.  Anier.  Pliil.  Soc.  1884,  )>. 
•’)72. — !>avis,  ,T.  II'.,  On  the  tos.-iil  Fi.sh-ieniain.s  of  the  Coal  Measures  in  the  Brlti.sh  Islands,  1. 
I’leuracanthidae  (Trans.  Koy.  Dnhlin  Soc.  ser.  2,  vol.  XII.),  1889.  — hijUaiein,  L.,  Zool.  Anzeig,  vol. 
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arches  of  rertehral  axis  long  and  slender.  Pectoral  fins  icith  long,  segmented  axis 
from 'which  smaller  cartilages  diverge  on  either  side  ; g^elvic  fins  of  male  with  appended 
clasper  ; caudal  fin  diphgcercal. 

Family  1.  Pleuracanthidae.  Cope. 

Bodg  slender,  but  slightly  depressed  ; mouth  terminal.  Teeth  icith  two  principal 
divergent  cusps.  Branchial  arches  provided  with  clusters  of  minute  denticles.  Dorsal 
fin  elongate,  low,  continuous  along  the  bach  from  a poind  shortly  behind  the  head  : 
slender  fin  supports  more  numerous  than  the  neural  spines.  Lower  Carboniferous 
probably  to  Upper  Triassic. 

The  Pleuracanthidae  occur  in  the  coal-bearing  strata  of  the  Carboniferous 
svstem  and  in  the  Lower  Permian  of  Europe  and  Xorth  America.  One 
species  is  also  known  by  a nearly  complete  skeleton  from  the  Hawkesbury 
Formation  of  Xew  South  Wales.  For  the  isolated  teeth  of  Pleuracanthus 
various  generic  names  have  been  proposed,  e.g.  Diplodus,  Ochlodus,  Aganodus, 
Pternodus,  Triodus,  Thrinacodus  ; for  isolated  spines,  the  generic  names  Compsa- 


Restoration  of  Pleumcanthus  gamh'/ii.  Brongn.  Coal  Measures;  Comnientry.  Allier  (afterT.  Brougniart). 


canthus,  Orthacanthus,  and  Lophacanthus ; for  the  clustered  denticles  of  the 
branchial  arches,  the  name  Stemmatias  {Stemmatodus). 

Pleuracanthus,  Ag.  {Xenacanthus,  Beyrich;  'I  Didymodus,  Cope),  (Figs.  40-43). 
Head  broad,  semicircular  in  front,  and  provided  behind  with  a long,  slender 
dermal  spine,  which  is  hollow,  either  rounded  in  section  or  antero-posteriorly 
compressed,  and  bears  a double  longitudinal  series  of  recurved  denticles  (Fig. 
42).  Teeth  (Fig.  43)  with  two  large  divergent  cusps  fixed  on  a stout  common 
base,  and  frequently  a small  third  cusp  between  these.  Five  branchial  clefts 
laterally  placed  in  advance  of  the  stout  and  broad,  arched  pectoral  girdle,  of 
which  the  two  halves  are  fused  ventrally  bitt  separated  dorsally.  Pectoral 
fins  large,  articulated  with  the  postero-inferior  angle  of  the  pectoral  girdle, 
and  consisting  of  a segmented  axis  fringed  on  either  side  by  cartilaginous  rays. 
Pelvic  supports  in  the  form  of  a pair  of  separate  triangular  cartilages  ; basi- 

II.  1889.  p.  12-3. — Fritsch,  U.,  Fauna  der  Gaskohle,  vol.  II.  Prague,  1888-89. — Goldfiiss,  .1..  Xeues 
Jalirb.  1817.  p.  401,  and  Beitriige  zur  vorweltlichen  Fauna  des  Steinkohleugebirges.  p.  23,  pi.  v. 
Figs.  9,  10. — Kner,  li.,  Sitzungsb.  k.  Akad.  Wiss.  Wien.  math. -iiaturw.  Cl.  vol.  551,  1867,  p.  510. 
with  10  plates. — Koken,  A'.,  Sitzungsb.  Ges.  naturf.  Freunde,  Berlin,  1889.  p.  77. 
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pterygium  of  pelvic  fins  segmented,  fringed  on  one  side  with  a series  of  carti- 
laginous rays,  and  continued  behind  into  the  spine-shaped  clasper  in  the  male. 
Two  small  anal  fins,  directly  supported  by  the  haemal  arches.  Caudal  fin 


Fic.  41. 


J’/^‘uro<'anth)is  {Xf^nccaiiifius)  ihrhniiy  Gol<lf.  l>o\\er  ronnian  ; jBraimau, 
Bohemia,  x -U  Anterior  portion  of  tish.  />’,  Dftacherl  teetlf,  magnifieil 
(after  F.  Roemer). 


.1  y; 


Fic.  4-J. 


y Vtm rnrn n th  na {Orthnain  th ns) 
htilunninis,  Fritsch.  I.ower 
Fennian  (Gas  - Coal)  ; Krot- 
schow,  Bohemia.  .4,  *side 
view.  ]:,  Hinder  view.  C, 
Transverse  section.  Xatural 
size. 


y; 


Fks.  43. 

/ 'Icn  raco  n fh  ns  (Di jilo<1  us)  bo- 
/u’liHcns,  Quenst.  Teeth  in 
side  view  (X),  and  hinder 
view  (B).  Lowei’  Permian 
((ias  • Coal) ; Xyfan,  near 
Pilsen,  Bohemia.  Natural 
size. 


separated  both  from  the  anals  and  from  the  dorsal.  Skin  probably  destitute 
of  shagreen. 

Complete  skeletons  are  known  from  the  Kothliegenden  of  Lebach,  near 
Saarbrucken,  in  Ehenish  Prussia,  and  of  Braunau  and  Euppersdorf  in  Bohemia; 
from  the  Lower  Permian  Gas-Coal  of  P>ohemia  ; from  the  Coal  INIeasures  of 
Commentry  in  France  (Fig.  40)  ; and  from  the  Lower  Hawkesbury  Formation 
of  Xew  South  Wales.  Complete  skulls  have  been  found  in  the  Coal  IMeasures 
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of  Northumberland  and  in  the  Permian  of  Texas  (Didymodus).  Isolated 
teeth  and  spines  are  very  abundant  in  the  Carboniferous  and  I’ermian. 

Anodoiitacanthus,  Davis.  Dorsal  spines  without  denticles.  Carboniferous; 
England  and  Scotland. 

Order  4.  PLAGIOSTOMI.  Dumeril.  Sharks  and  Rays.^ 

Eiidoskeleton  more  or  less  calcified,  huf  no  mernhrane  calcifications,  rtenjgo- 
quadrafe  arcade  movahly  articulafed  with  the  cranium.  Vertebral  axis  segmented. 
J Aired  fins  with  ttvo  or  three  short  basal  cartilages  ; ’pelvic  fins  of  male  with  appended 
claspers. 

According  to  the  condition  of  their  vertebral  column,  the  Plagiostonii 
have  been  divided  by  Hasse  into  the  four  sul)-orders  of  iJiplospondi/li,  Cgclo- 
spondi/li,  Asterospondijli,  and  Tectospond gli. 


Sub-Order  A.  DIPLOSPONDYLI.  Hasse. 


Notochord  imperfecth/  segmented  by  vertical  partitions.  Gill  clefts  six  or  seven 
in  number  on  each  side.  Teeth  numerous,  i)L  severed  series.  Upper  .Turassic  to 
Kecent. 

Family  1.  Notidanidae. 

Body  fusiform,  with,  a single  unarmed  dorsal  and  anal  fin,  and  a large  hetero- 
cerced  caudal  fin.  Teeth  with  tico  or  more  sharply-pointed  cusps.  Upper  .Turassic 
to  Recent. 


Notidanus,  Cuv.  {Ilexanchus,  Hepjtanchus,  Muller  and  Heide),  (Figs.  44-,  4.5). 
Principal  teeth  consisting 
of  a series  of  compressed 
cusps  fixed  upon  a long 
base ; all  the  cusps  in- 
clined in  one  direction, 
the  anterior  larger  than 
the  others,  with  or  with- 
out small  denticles  at  its 
base  in  front.  Anterior 
teeth  of  the  upper  jaw 
clustered,  awl-shaped  ; a 
median  symphysial  series 
in  the  lower  jaw.  Prin- 
cipal teeth  of  the  upper 
jaw  less  laterally  elon- 
gated, with  fewer  cusps 
than  those  of  the  lower 
jaw.  Range  from  Upper 
Jurassic  to  present  day.  i-’ic.  «• 

iV  DlUCllStCVi  Aff  re])]'e-  l->entition  of  the  Recent  Indian  Grey  shark, 

’ '^1''^  •imlicns. 

sented  by  a complete 

skeleton  from  the  Lithographic  Stone  (Lower  Kimmeridgian)  of  Soleidiofen, 


^ Bonaparte,  C.  L.,  Selaoliorum  tabula  analytica  (Mtm.  Sno.  Sd.  Nat.  Neufcliatel),  1839. — 
Davis,  ,T.  ir.,  On  the  Fossil  Fishes  of  the  Carboniferous  Limestone  Series  of  Great  Britain  (Trans. 
Roy.  Dublin  Soc.  ser.  2,  vol.  I.),  1883. — Hasse,  C.,  Das  natiirliche  System  der  Elasmobranchier  auf 
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berg ; from 
aiicl  the 


15,'ivaria,  and  A.  (imcilis,  Davis,  by  a smaller  skeleton  from  the  Up])er  Cretaceous 

of  Sahel  Alma,  Mount  Lebanon.  Detached  teeth  from 
the  Oxford  Clay  of  England  and  Corallian  of  Wiirtem- 
the  Chalk  of  England  (A\  microdon,  Ag.) 
Cretaceous  of  New  Zealand  {N.  derdatus,  Sm. 
'Woodw.) ; and  numerous  species  from  Tertiary  forma- 
tions (e.g.  A^.  primif/enius,  Ag.,  Fig.  1.0). 

( 'hlami/doseluche,  Garman.  Teeth  with  broad,  back- 
wardly  extended  base,  and  the  crown  consisting  of  three 
slender,  curved,  subconical  cusps,  which  are  separated 
by  a pair  of  rudimentary  denticles.  'Wide  distribution 
Isolated  teeth  in  Pliocene  of  Tuscany  {C.  lawleiji. 


Fig.  45. 

Xotulanu-^^  prtmirfcnins,  Ag. 
f.ower  tooth.  Oligoccne ; 
\Vfinhf‘im,  Ilpsse  Darmstadt. 
Natural  size. 


m existing 
Davis). 


deep 


sea. 


Sub-Order  B.  CYCLOSPONDYLI.  Hasse. 

J erfdiral  centra  in  pjnn  of  simple  constricted  cylinders  pierced  Inj  the  notochord. 
Teeth  nnmermis,  triangular,  and  acuminate,  simple  or  with  small  lateral  cusps.  Pare 
in  the  fossil  state;  Copper  Cretaceous  to  Pecent. 


Family  1.  Spinacidae.  IMuller  and  Ilenle.  Spiny  dog-tislics. 

Body  fusiform  to  trihedral,  somewhat  depressed.  Mouth  gently  arched,;  snout 
ohtuse.  Gill  clefts  small,  lateral ; spiracles  large,  hchiml  the  eye.  Pectoral  Jins  not 
notched,  at  their  origin  and  not  produced  forwards ; the  two  dorsal  Jins  often  armed 
with  a,  spine  ; anal  Jin  ahsent.  Upper  Cretaceous  to  Pecent. 

< tentropliorus,  )Miiller  and  lleide  (Fig.  4G).  Dorsal  fin  sjhnes  present. 
L P))er  teeth  erect,  triangular,  or  narrow  lanceolate,  with  a single  cusp;  lower 

teeth  triangular 
and  compressed, 
with  the  apex 
much  turned  aside. 
Upper  Cretaceous, 
Sahel  Alma,  Mount 
Lebanon  (Spinax 
prirnaerns,  Pictet). 
Pecent. 

Acanthias,  Pisso 

{Cent rophoroides,  Davis),  (Fig.  47).  As  Cenl roplwrus,  but  teeth  in  ui)per  jaw 
as  in  lower  jaw.  Lpjier  Cretaceous,  Sahel  Alma,  IMount  Lebanon  [Centro- 
phoroidcs  latidens,  Davis).  Tertiary  (A.  radicans,  Prol)st)  and  Pecent. 

Ceidrina,  Cuv.  Pliocene  and  Pecent. 

Scyrnnus,  Cnv.  (Fig.  48).  No  dorsal  fin  spines.  Up])er  teeth  small, 
[)ointed  ; lower  teeth  much  larger,  broad  and  compressed,  triangular,  erect  or 
oidy  slightly  inclined  laterally.  Eocene  to  Pecent. 

hclnnorhinus,  Blainv.  {Gemiodus,  Ag.)  Pliocene  and  Recent. 


Fhe  40. 

\'iTT<*bra  ((■••iitral  douhh’-coiu*) 
of  I'entrojihoni.^.  L’ppiT  Cre- 
tac(M)tis  .Maastricdit  (after 
I las.sp). 


P'n..  47. 

Am  nth  /r/.s*  rmUcc 
Prol)st.  'i’ooth,  X U. 
.Mioct*iie  (.Molasse) ; 
Haltringen,  \Vurt»*m- 
b**rg  (after  I’rob.st.) 


Fl(..  4S. 

Scj/mii  ua  trwAigulus, 
]*rol)st.  Tootli,  X '2. 
Mioeone  (.Mola.s.se) : 
Daltringon  (after 
Prob.sf.) 


Grmiillage  des  Banes  uinl  dep  Entwickelung  ihrer  Wirl)el.sanle.  Jena,  1879,  with  Appendix,  1885. 
— J.y  and  1Ieiih\  Systeniatisclie  Besehreibung  der  Blagiostoinen.  Berlin,  1841. — JaekeJ^ 

O.,  Die  eocanen  Selacbier  voiii  Monte  Bolca.  Beidin,  1894. — F.^  Die  Fauna  des  sandiin- 
dischen  I’ertiars  (Abhandl.  geol.  Specialk.  Freiissen,  vol.  VI.  ]>t.  3),  1885. — Prohst,  Beitriige  zur 
Keiintni.^s  tier  to.ssilen  Fisclie  ans  der  Molasse  von  Baltringen  lAVurtteinb.  naturw.  Jaliresh.),  1874, 
1877,  1878.  and  1882. 
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Sub-Order  C.  ASTEEOSPONDYLI.  Hasse. 

Vertebral  centra  when  completely  formed  amphicoelous,  strengthened  by  secondary 
plates  of  calcified  tissue  which  radiate  outwards  from  the  excessively  constricted 
primitive  cylinder.  Five  gill  clefts  on  each  side.  Two  dorsal  fins  and  one  anal  fin 
present.  Lower  Carboniferous  to  Recent. 


Family  1. 


Cestraciontidae.  Agassiz. 


Dorsal  fins  each  armed  with  a spine.  Teeth  numerous,  mostly  obtuse,  never  fused 
into  continuous  plates  ; several  series  simultaneously  in  function.  Ikidiating  pkites  of 
the  vertebral  centra  few  and  short;  vertebral  column  not  calcified  in  the  earlier  forms. 
Lower  Carboniferous  to  Recent. 


the  later  Palaeozoic  and  the  Mesozoic 
solely  by 


existing 


seas 


Orodus  ramosus,  Ag.  Carboniferous  Limestone  ; 
Arinagli  (after  Davis). 


This  family  is  characteristic  of 
formations ; it  is  represented  in 
Cestracion. 

Orodus,  Ag.  (Fig.  49),  known  only  by  obtuse  elongated  teeth.  The  dental 
crown  raised  in  the  middle,  and  its  surface  marked  with  more  or  less  prominent 
wrinkles,  which  rise  from  each  long  margin 
or  from  a median  longitudinal  crest.  Base 
of  tooth  very  stout.  0.  ramosus,  Ag.  (Fig. 

49),  and  other  species  from  the  Carboniferous 
Limestone  of  Britain,  Belgium,  and  Russia. 

Also  numerous  species  in  corresponding 
American  formations. 

1 

Campodus,  Kon.  {Agas- 

% sizodus,  St.  J.  and  M.  ; Arpagodus,  Traut.).  Teeth  almost 

identical  with  Orodus,  but  distinguished  by  buttressed 
condition  of  the  outer  border  of  the  crown.  Symphysial 
series  greatly  enlarged,  and  fused.  Carboniferous.  Fdestus, 
Leidy  ; Campyloprion,  Eastm.  3 and  Helicoprion,  Karp., 
known  only  by  their  arched  or  coiled  symphysial  dentition. 
Carboniferous  and  Permian. 

Tristychius,  Ag.  [Ptych acanthus,  Ag.),  (Fig.  50).  Dorsal 
fin  spines  with  a few  sha.''D  longitudinal  ridges  distally, 
three  only  — one  upon  the  front  margin  and  one  on  each 
side — extending  far  downwxards.  Teeth  probably  as  in 
Sphenacanthus.  T.  urcuatus,  Ag.  Carboniferous. 

S])henacanthus,  Ag.  Teeth  rather  high-crowned,  with  a 
large  principal  cusp  and  smaller  lateral  cusps  diminishing 
in  size  outwards,  more  or  less  marked  by  superficial 
wrinkles  3 base  depressed,  forming  a slight  ex})ansion  back- 
wards. Notochord  persistent.  Dorsal  fin  spines  marked 
with  robust  longitudinal  ridges,  in  part  nodose  3 posterior 
denticles  small  and  numerous,  in  two  series,  one  upon  each 
lateral  margin  of  the  flattened  or  slightly  concave  posterior 
face.  Few  minute  comb-shaped  shagreen  granules.  S. 
costellafus,  Traquair  sp.,  known  by  nearly  complete  fish 
from  Calciferous  Sandstones  (Lower  Carboniferous)  of  Eskdale,  Dumfries. 


Fig.  .jO. 

Tristychius  arcuatus, 
Ag.  Dorsalfiii-spine(.4), 
shagrPHii-scale  (B),  and 
tooth  (C),  about  natural 
size.  Lower  Carboni- 
ferous ; Scotland  (after 
Stock). 
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almost  as 


S.  hijhodoides,  Egert.  sp.,  represented  by  tin  spines  and  teeth  in  English, 
Welsh,  and  Scottish  Coal  IMeasures. 

Ih/bodits,  Ag.  {Merisi  odd  a,  Ag.),  (Eig.  51).  Teeth  and  dorsal  tin  spines 
in  Sjdienacanth us  : but  double  series  of  denticles  on  hinder  face  of 

tin -spine  median,  not  laterally  placed. 
Symphysial  teeth  few  and  relatively 
large.  Notochord  persistent,  but  ver- 
tebral arches  calcified.  One  or  two 
large  hook-shaped,  semi-barbed  dermal 
spines  {Sphennnchus)  immediately  l)ehind 
each  orbit,  at  least  in  the  male.  Shagreen 
sparse,  consisting  of  small  conical, 
rad  lately  grooved  tubercles,  which  are 
sometimes  fused  into  groups  of  three. 
Numerous  s])ecies  ranging  from  the  Trias  to  the  Lower  Ch'etaceous.  Teeth 

A),  abundant  in  the  iMuschelkalk.  Nearly 
ajwer  Lias  of  England  (//.  delabechei,  Charles- 
51,  Jl)  and  the  Upper  Lias  of  Wurtemberg  (//. 
skulls  from  AVealden,  Pevensey  Bay,  Sussex 


51. 

ory///6m//Ls‘.  //,  pnmtiiis,  MuscIioI- 

kalk:  Laincck,  iioar  liayrpulii.  7j,  H.  rctivnlctnit^ 
l.owiT  Lias  ; Lyme  Dorsetsliire.  C,  If. 

l»>hiprion,  I. o\V(*r  Oolite  (Dogger)  ; Stoiiestie.ld, 

( )\lVjr(l.sliire. 


i C.’ 

of  II.  pHcatilis,  Ag.  (Fig.  51, 


complete  skeletons  from  the 

Kd’' 

•j  * 

Fine 


worth  ; II.  reficuhifiis,  Ag 
bitiijUiiims,  Eb.  Fraas). 
(If.  basanus,  Egert.). 


Acrodiis,  Ag.  (Thecfodus,  Plieninger),  (Fig.  52).  A genus  only  (littering 


from  IL/bodiis  in  the  rounded,  non-cus])idate  character  of  the  teeth.  C 


ommon 


.1 


I’kl  52. 

aniii nijiin-,  Ag.  Di-ntitioii,  Ofttiiral  size.  I.ower  Mas;  Lyme  Ilegis. 
.1,  Syinplivsis.  /;,  Detaclietl  lootli,  seen  from  si<le  ami  abo\*'e,  natural  size. 


in  the  Triassic  and  Jurassic,  and  ranging  to  the  Up]>er  Cretaceous.  A. 
riuillardoli,  Ag.,  teeth  from  Buntcr,  Muschelkalk,  and  Keuper  of  Cermany 
and  France,  y/.  minimus,  Ag.,  common  in  European  Keuper  and  Khaetic. 
A.  (I indrifiiae,  A'^.  (Fig.  52),  and  A.  nobilis,  Ag.,  known  by  tine  specimens  from 
the  Lower  Lias,  Lyme  Kegis.  A.  Jevis,  Sm.  AA^oodw.,  teeth  from  English 
Gault. 

I’(ihieiib(ites,  Aleyer.  Teeth  depressed,  rounded,  without  lateral  denticles 
and  not  keeled.  Euro])ean  Triassic. 

.-l.sfenicaiiflius,  Ag.  (Sfrophodus,  Ag. ; Cartndus,  Sauvage),  (P'igs.  53,  54). 
Principal  teeth  elongated,  irregularly  quadrate,  with  slightly  arched  but 
flattened  crown  ; symphysial  teeth  few,  smaller  but  relatively  large,  much 
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arched,  without  lateral  denticles,  and  longitudinally  keeled  ; all  superficially 
marked  by  reticulating  ridges.  Notochord  persistent.  Head  spines  as  in 
Hyboihis  and  Acrodus.  Dorsal  fin  spines  marked 
by  stellate  tubercles,  sometimes  partly  fused 
into  longitudinal  ribs ; also  bearing  a median 
longitudinal  double  series  of  tubercles  on  their 
hinder  face.  Middle  and  Upper  Jurassic.  A. 
ornatissimus,  Ag.  {Strophodus  reticulatus,  Ag.), 

(Fig.  54),  well  known  from  Corallian,  Oxfordian, 
and  Kimmeridgian  of  Europe. 

Falaeospinax,  Egerton.  Dentition  compara- 
tively specialised  ; the  few  anterior  teeth  high- 
crowned  and  prehensile,  with  a single  pair  of 
lateral  denticles ; posterior  teeth  low-crowned, 
with  two  or  three  pairs  of  lateral  denticles 
reduced  to  minute  beads.  Vertebrae  very 
slightly  asterospondylic.  Dorsal  fin  spines 
smooth  and  enamelled,  without  posterior 
denticles.  Shagreen  tine  and  dense ; no  head 
spines.  prisms,  higert.,  known  by  nearly 
complete  specimens  from  Lower  Lias,  Lyme 
Regis.  Fragments  of  other  species  from  Upper 
Lias,  Wiirtemberg. 


Fig.  53. 


Fig.  54. 

Tootii  of  A!<teracanthns  (Strophodus  reticitlntiis, 
inside  view  and  upper  view.  Corallian  : 
Tonnere,  Yonne. 


Astcrotv/tthus  o-rnatUsiMUi!,  Dor.sal 

fin-s])ine,  lateral  view  (.4),  posterior  view 
{Ji),  and  detached  tubercle  eular^^ed  (•'). 
Portlandiaii : Sohuire.  Switzerland. 


Si/nechudus,  Smith  Woodward  (Fig.  55).  Almost  identical  with  J’tdam- 
spiiiax,  but  teeth  with  more  numerous  lateral  denticles,  and  vertebrae  more 
distinctly  asterospondylic.  Complete  jaw  of  S.  dulrisiensis,  Mackie  sp.  (Fig. 
55),  and  greater  i)art  of  skeleton  of.  same  species  known  from  the  Lower 
Chalk  of  England.  Teeth  of  other  species  from  various  Cretaceous  formations 
in  Europe,  Cretaceo-Tertiary  of  New  Zealand  and  Patagonia,  and  one  (S.  dark/, 
Eastman)  from  the  Maryland  Eocene. 

Cestracion,  Cuv.  (Heterodonfns,  Blainv. ; iJrepanephorus,  Egert.),  (Figs.  56, 
57).  Symphysial  teeth  small,  numerous  and  prehensile,  with  a median  cusp 
and  one  pair  of  lateral  denticles  ; lateral  teeth  in  oblique  series,  with  faintlv 
keeled  and  finely  rugose  crown.  Vertebrae  asterospondylic.  Dorsal  fin 


US  (lubi'isifusis,  I^lack ii'  s]).  I >i'iU itinii,  t wict^  iiat.  si/,f,  \vii h six  loci li  oiilar^ial  foui' 
limes,  L(;\vcr  ( ’balk  ; Sussex  (aft(‘r  Sinitli  Wooilward) 
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spines  smooth,  without  posterior  denticles, 
the  Lithographic  Stone  (Upper 
Jurassic)  of  Bavaria  {C.  falcifer, 

Wagn.,  Fig.  56)  and  the  Chalk 
of  England  (so-called  Drepane- 
phorus  canaliculatus,  Egert.). 

Teeth  from  Lower  and  Middle 
Eocene  of  England  and  Belgium. 

Existing  in  Australian  and  other 
seas. 


Nearly  complete  skeletons  from 


Lower  jaw  of  Recent  Port  Jackson  Shark,  Cestraclon  plulippi^ 
Cuv.  Australia. 


Family  2.  Scylliidae.  Miiller 
and  Henle. 

Dorsal  fins  without  spines,  the 
anterior  situated  above  or  behind  the 
pelvic  fins.  Teeth  small,  numerous, 
and  pointed,  several  series  being 
generally  in  function.  Vertebrae 
with  eight  stout  radiating  plates. 

Upper  Jurassic  to  Becent,  but 
fossils  rare. 

Palaeoscyllium,  Wagn.  Anterior  dorsal  fin  opposite  pelvic  pair,  and 
posterior  dorsal  arising  in  advance  of  anal,  which  is  small.  1\  formosum, 
Wagn.,  and  P.  minus,  Sm.  Woodw.,  known  by  nearly  complete  fishes  from 
Lithographic  Stone,  Bavaria. 

Scyllium,  Cuv.  {Thyellina,  Ag.),  (Fig.  58).  Origin  of  anal  fin  always  in 
advance  of  that  of  posterior  dorsal  fin.  Teeth  delicate  with  a high  middle 
cusp  and  generally  one  or  two  small  lateral  denticles.  Nearly 
complete  fishes  from  the  Upper  Cretaceous  of  Westphalia  {S. 
angustum,  Ag.  sp.)  and  Mount  Lebanon  {S.  elongatum,  Davis 
sp.) ; also  numerous  detached  teeth  from  the  Chalk  and 


Fig.  5S. 


Tertiaries  (Fig.  58).  Recent. 


Scylliinti  distans, 
Probst.  Tooth,  x 2. 
Miocene  (Molasse) ; 


Pristiurus,  Bonap.  As  Scyllium,  but  with  a series  of  small 
flat  spines  on  each  side  of  the  upper  edge  of  the  caudal  fin. 
ProbVt)'°'^*' *'^*^**^'^  Woodw.,  a small  species  from  the  Lithographic 

Stone  of  Eichstiidt,  Bavaria.  Recent. 

Mesiteia,  Kramberger.  Snout  produced.  Teeth  minute  and  tricuspid. 
Anterior  dorsal  fin  above  or  behind  pelvic  pair ; anal  fin  much  extended. 
Tail  excessively  elongated,  without  dermal  scutes  or  spines.  Shagreen  absent 
or  very  delicate,  and  lateral  line  supported  by  a series  of  calcified  rings  as  in 
Chimaeroids.  M.  emiliae,  Kramberger,  from  Upper  Eocene,  Monte  Bolca, 
near  Verona;  J/.  sahel-almae,  Piet,  and  Humb.  sp.,  from  Upper  Cretaceous, 
Mount  Lebanon. 

Chiloscyllium,  Mull,  and  Henle,  and  Ginglyinostorna,  Miill.  and  Henle 
(Plicodus,  Winkler ; Acrodobatis,  Leidy).  Tertiary  and  Recent. 

Family  3.  Oarchariidae.  Miiller  and  Henle. 

Dorsal  fins  without  spines,  the  anterior  situated  opposite  to  the  space  het-ween  the 
pectoral  and  pelvic  fins.  Teeth  hollow,  pointed  and  triangular,  with  smooth  or 
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serrated  lateral  tiorders.  Fertehral  centra  with  four  radiatiiaj  ruhjes  u'hicli  widen 
outwards.  Tertiary  and  Recent. 

Ilernipristis,  Ag.  {Dirrhizodun,  Klnnzingerj,  (Fig.  59).  I'rincipal  teeth 
large,  triangular  and  compressed,  with  coarsely  serrated  edges ; anterioi- 
lower  teeth  slender,  subulate,  inwardly  curved,  and  without  denticulations  or 
with  one  or  two  minute  points  at  the  base.  H.  serra,  Ag.  (Fig.  59),  common 
in  the  Miocene  of  Europe  and  in  the  Tertiary  Phosphate  Beds  of  South 
Carolina  and  Maryland  IVIiocene.  H.  airvatus,  Dames,  from  Oligocene,  Birket- 
el-Qurun,  Egypt.  One  existing  species. 

Galeocerdu,  Muller  and  Henle  (Fig.  GO).  Teeth  oblique,  serrated  on  both 
mai'gins,  with  a deep  notch  posteriorly.  Eocene  to  Recent.  G.  latidens,  Ag., 


Kio.  ">l'. 


/{eiiiijii'i-<fis  si'rri'.  A;_e  MiocPiu*; 

Ni’iuiiirrl,  HuDi^ar.N . 


.1  /; 


Kh;.  bo. 


A,  Tootli  of  (lalcurfiilo  (nhinrus, 
Miocene  (Molasse) ; Pfulleiidorf,  n-id»*n. 
7A  Section  of  vertebra  of  Galcorerdo. 
Miocene  (Molasse) ; lialtringen  (after 
Ilasse). 


Fkj.  01. 

(rdlrKs  ajfinis,  Probst . 
Miocene  (.Molasse);  J3al- 
trinjien  (after  Probst.). 


from  Bracklesham  Jleds  and  Maryland  Miocene, 
species,  api)arently  ranging  to  the  Pliocene. 
triqiieter,  East.,  from  the  American  Miocene. 

Alojdujisis,  Lioy,  and  Pseudoijaleus,  daekel. 
U})[)cr  Eocene,  INIonte  Bolca,  near  ^'erona. 
Galetts,  Ag.  {I’rataiiuteiis,  Molin.),  (Fig.  Gl). 


G.  adanciis,  Ag.  (Fig.  GO,  A), 
(h.  contortiis,  Gibbes,  and  G. 

Nearly  complete  fishes  from 


Teeth  small  and  oblique,  the 
oidy  serrated  at  the 
base,  and  a deep  notch  pos- 
teriorly. Eocene  to  Recent. 

Carcharias,  Cuv.  (Fig.  G2). 
Teeth  mostly  oblique  and  tri- 
angular, without  lateral  denticles. 


.1,  { A jn'ifiimilon)  fn-nm  ns,  l)ames.  Koccin* ; 

UirkK-*-l.(^urmi,  E;;ypt  (afU*r  Daiin-s).  />’,  ('orrhorias  {Jl/fpo- 
inion)  .■'iioinliiris,  Prob.st.  C,  ('" rclia rifts  (.'<rnlinflon)  innissi, 
Probst.  />,  (fi.rrh'irids  (I’rionfKiftn)  slniilis,  Probst.  .Miocetn* 
(Molassr);  I3altrin;;cn  (afl**r  Probst.). 


usually  difi'erent  in  the  two  jaws. 
The  lateral  edges  serrated  to 
the  apex  (Prionodvn,  Miiller 
and  Henle)  or  only  at  the  base 
(Jli/puprion,  M.  and  If.),  or  sharp- 
edged  but  not  serrated  (Sroliodan,  I'hi/sodon,  M.  and  H.),  sometimes  also  erect 
and  sharp-edged  (^Ijnionudon,  Gill).  Tertiary  and  Recent. 

G/d/i/rna,  Raf.  (Zi/ijacna,  Cuv.).  Hammerhead  .sharks.  Tertiary  and  Recent. 
N.  jirisca,  Ag. 

Mnstelus,  Cuv.  ; Triaenodon,  Triads,  ^I.  and  H.  Recent. 


Family  4.  Lamnidae.  Muller  and  Henle. 

Dorsal  Jins  without  spines,  tire  anterior  situated  opposite  to  the  space  between  the 
pectoral  and  jAvic  Jins.  Teeth  pointed  and  usualh/  large,  with  or  luithout  lateral 
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denticles,  and  the  pulp  cavity  completelii  filled  with  vasoileidine.  J'ertehral  centra 
with  eight  bifurcating  pkdes  which  radiate  outwards.  Upper  Jurussic  to  Kecent. 

Orthacodus,  Sm.  Woodw.  {Sphenodus,  Ag.,  non  Gray,  )iec  Lund),  (Fig.  63). 
Teeth  very  slender  and  erect,  compressed,  without  lateral 
denticles  ; the  root  broad  and  depressed,  simple.  0.  longidens, 

Ag.  sp.  (Fig.  63),  and  other  species  are  Upper  Jurassic. 

Apparently  also  a Lower  Cretaceous  genus. 

Scapanorhiinchus,  Sm.  Woodw.  {L'ldnognathus,  Davis  non 
Fairmaire ; ? Mitsukurina,  Jordan).  Body  slender,  snout 

much  elongated.  Second  dorsal  fin  small,  opposed  to  a 

much  extended  aiial  tin  ; caudal 
fin  much  elongated,  inferiorly 
notched  near  the  extremity.  Teeth 
as  in  Odontaspis.  Complete 
skeletons  of  S.  lewisi,  Davis  sp., 
and  S.  elongatus,  Sm.  Woodw.,  from  the  Lpj)er  Cre- 
taceous of  Sahel  Alma,  Mount  Lebanoji.  Detached 
teeth  ((S',  rhaphiodon,  Ag.  sp.)  in  Upper  Cretaceous 
of  Europe,  probably  also  in  North  America,  India, 
and  New  Zealand.  Apparently  living  in  the  deej) 
sea  off  Japan  {Mitsukurina  owstoni,  Jordan). 

Odontaspis,  Ag.  {Triglochis,  M.  and  H.;  Ofodus, 
Ag.  in  part.),  (Fig.  61).  Snout  not  much  elongated. 
Second  dorsal  fin  and  the  anal  of  equal  size,  scarcely 
smaller  than  the  first  dorsal.  Side  of  tail  without 
keel.  Teeth  with  a slender  principal  cusp,  with 
sharp  lateral  edges,  flattened  outer  face,  and  convex  inner  face,  also  one  oi 
two  pairs  of  small  lateral  denticles ; root  large  and  bifurcated.  Tapper 


Fig.  (33. 

Orikacodus:  longidens, 
Ag.  sp.  Wliitp  Jura  y ; 
IJollert,  ^Yii^tembel•^. 


Fig.  (34. 

Odontaspis  cuspidata,  Ag.  sp. 
Oligoceiie  ; ^Vemheiln,  near  Alzey. 


J n C 


Fkl  65. 

Vertebra  of  Lamaa,  in  front  (A)  and  side  view  (B),  and  in  vertical  median  section  (C).  Nat.  size. 
A,  B,  From  Oligocene  of  Flonheiin.  C,  From  London  Clay,  Sheppey. 


Cretaceous,  Tertiary  and  Recent.  0.  hronni,  Ag.  U.  Cretaceous,  Maastricht 
and  Ciply.  0.  elegans,  Ag.  sp.,  and  0.  cuspidata,  Ag.  sp.  (Fig.  64),  from 
Lower  Tertiaries. 

Otodus,  Ag.  (Figs.  65-67).  Very  robust  teeth  with  stout  lateral  denticles, 
VOL.  II  I) 
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of  rather  doubtful  relationships.  i\Iost  species  described  under  this  name 
referable  to  Lamna  and  Odonfaspis.  Cretaceous  and  Eocene. 

Lamna,  Cuv.  Second  dorsal  fin  and  the  anal  very  small.  Side  of  tail  with 
keel.  Teeth  as  in  Odonfaspis,  but  the  principal  cusp  usually  somewhat  broader 
and  the  lateral  denticles 
larger.  Very  abundant 
in  the  Chalk,  Tertiaries, 
and  existing  seas. 

Oxi/rhina,  Ag.  (Eig. 

68).  Onlv  differing  from 


Fi<;.  Of). 


Otodus  (ippeiidivU’ 
lotus,  Ag.  Pliiiipr; 
C^uedlinburg. 


Fig.  07. 


Fig.  08. 


(ftodiis  nitliiiuus,  Ag.  Extf'rnal 
aspect  of  tooth.  Eocene  ; Sheppey. 


0.r!frhi}La  'plicatilis,  Ag.  -Mio- 
cene ; XeudorH,  Hungary. 


Lamna  in  the  teeth  lacking  lateral  denticles.  Cretaceous  to  Eecent.  0. 
mantdli,  Ag.,  the  commonest  Cretaceous  species  both  in  Europe  and  North 
America,  the  nearly  complete  dentition  known  from  Kansas.  0.  desori,  Ag., 
chiefly  Lower  Tertiary  ; 0.  hastalis,  Ag., 
chiefly  Upper  Tertiary. 

Alopecias,  IM.  and  H.  Tertiary  and 
Kecent. 

Corax,  Ag.  (Fig.  69).  Known  only 
by  low  triangular  teeth  with  sharp, 
serrated  edges,  and  a large  root.  Com- 
mon in  the  JMiddle  and  I- pper  Cre- 
taceous. C.  prisfodontus,  Ag.,  from 
.Maastricht,  North  .\frica  (Fig.  69),  and 


Fig.  On. 

I Jiristolioilt  US,  -\g. 

Ui>)M*r  (’l)alk  ; Oa^is  of 
DacliHl.  Uhyan  Ib'scrt. 


Corcharodon  i/n><jalodou,  Ag.  .Miocene;  .Malta. 


supjrosed  Eocene  of  Alabama.  C.falcaius,  Ag.,  European  and  North  American 
Cretaceous. 

Carcharodon,  M.  and  H.  (Fig.  70).  Second  dorsal  fin  and  the  anal  very 
small.  Side  of  tail  with  keel.  Teeth  very  large  and  triangular,  with 
serrated  lateral  edges,  flattened  outer  face,  convex  inner  face.  One  Upper 
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Cretaceous  {C.  longidens,  Fillet)  and  one  existing  species  {C.  rondeleti,  M.  and 
H.) ; the  others  Tertiary.  C.  megalodon,  Ag.  (Fig.  70),  and  allied  species  are 
represented  by  very  large  teeth  in  the  Tertiary  and  later  formations  of 
nearly  all  parts  of  the  world,  also  on  the  bed  of  the  existing  oceans. 

Cetorhinus,  Blv.  (Selache,  Cuv.).  Teeth  very  small  and  conical,  without 
lateral  denticles.  Claspers  of  male  with  horn- shaped  spines,  which  have 
been  found  in  the  Pliocene  of  England  and  Belgium.  The  existing  “ basking 
shark.” 

Sub-Order  D.  TECTOSPONDYLI.  Hasse. 

Vertebral  centra  when  completely  formed  amphicoelous,  strengthened  hy  secondary 
plates  of  calcified  tissue  which  are  concentric  with  the  constricted  primitive  cylinder. 
Five  gill  clefts  on  each  side.  Anal  fin  absent.  Body  usually  depressed,  with  very 
large  pectoral  fins  forming  a “disk.” 

To  the  Tectospondyli  belong  the  still  existing  rays,  monk-fishes,  and  saw- 
fishes, perhaps  also  the  Palaeozoic  families  of  Cochliodontidae,  Psammo- 
dontidae,  and  Petalodontidae. 


Family  1.  Cochliodontidae.  Owen. 


Palaeozoic  fishes  with  few  convex  teeth,  which  are  more  or  less  arched,  hollowed  at 
the  base,  punctate  on  the  crown,  amd  often  marked  with  obtuse  transverse  folds  or 
grooves.  A large  posterior  dented  plate,  above  and  below  on  each  side,  a smaller 
anterior  dental  plate,  and  one  or  more  series  of  separate  smaller  anterior  teeth. 
Head  and  perhaps  also  the  pectoral  fins  armed  with  paired  tuberculcded  spines. 
Carboniferous  and  Permian. 


Our  knowledge  of  this  most  remarkable  Upper  Palaeozoic  family  is  still 
very  incomplete.  Of  two  genera  {Helodus  and  Menaspis)  the  impression  of  the 
trunk  is  known ; of  all  the  others  only  teeth  or  fin  spines  and,  very  rarely, 
complete  jaws  occur.  According  to  Jaekel  we  may  place  here  the  un- 
symmetrical  Ichthyodorulites,  with  tubercles,  bosses,  or  spines  and  destitute  of 
a root,  which  have  been  described  under  the  names  of  Oracanthus,  Pnigeacanthus, 
Cladacanthus,  Plat  y acanthus,  Gamps- 
acanthus,  Physonemus,  Stichacanthus, 
etc.  Owen  has  pointed  out  that  the 
dentition  in  the  typical  genera 
Oochliodus  and  Streblodus  corresponds  i 
with  that  of  a Cestraciont,  but  difi’ers 
from  the  latter  in  the  fusion  of  two 
or  more  transverse  series  of  teeth  into 
continuous  plates.  Smith  Woodward 
has  thus  proposed  to  place  the  typical 
Cochliodontidae  near  the  Cestraci- 

ontidae,  removing  Menaspis  to  the  fio.  ti. 

Chimaeroid  family  of  Squaloraiidae. 

Oochliodus,  Ag.  (Fig.  71).  Two 
strongly  arched  dental  plates  on  each 

ramus  of  the  mandible  ; the  posterior  one  very  large,  with  a broad  median 
area  bounded  in  front  and  behind  by  an  oblique  transverse  furrow ; the 
anterior  plate  comparatively  small,  rhomboidal  in  shape.  Symphysial  series 


CoiMioilus  roiitortus,  Ag.  Dentition,  -^4  nat.  size. 
Carboniferous  Limestone  ; Armagh.  A,  Large  posterior 
tooth.  B,  ^Middle  tootli  : anterior  teeth  wanting. 
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of  C.  latus,  Leidy,  from  Keokuk  Limestone  of  ^Mississippi  Valley,  the  largest 
known  species,  originally  described  as  Ileludus  coxa  mis,  Newb.  Lower  Carboni- 
ferous ; Ireland,  England,  Belgium,  and  North  America. 

Sfreblodus,  Ag.  As  Cochliodus,  but  hinder  tooth  with  two  to  three  broad, 
oblique,  transverse  folds.  .S',  ohhrifjus,  Ag.,  and  S.  colei,  Davis,  from  Carboid- 
ferous  Limestone,  Armagh.  Other  species  from  England  and  North  America. 

Sandaludus,  Newberry  and  Worthen  {Trigonodus,  J 'at  id  nod  us,  N.  and  W.  ; 
0 rthopleurodus,  St.  John  and  Worthen).  Supposed  upper  teeth  triangular, 
thick,  slightly  inrolled.  Supposed  lower  teeth  more  strongly  inrolled ; the 
hinder  one  subtriangular  or  twisted  and  elongate,  with  one  to  two  diagonal 
ridge.s,  and  anteriorly  coiled  in  a distinct  whorl ; the  anterior  one  short, 
truncated  in  front,  strongly  inrolled.  Carboniferous ; Ireland,  England, 
Belgium,  and  North  America. 

Deltu'pt gchius,  Ag.  ; Chiionodus,  St.  John  and  Worthen  ; roecilodus,  Ag.  ; 
Deltodus,  Ag.  {2'aeniodus,  St.  J.  and  W.) ; Xijstcodus,  Ag.  Carboniferous  Lime- 
stone ; Europe  and  North  America. 

I'sephodus,  Ag.^  (Big.  72).  Large  rhombic  or  rhomboidal  teeth,  convex 
and  gently  arched,  with  crenulated  border.  With  these  large  teeth  are 


/; 


l-'ic.  7l>. 

uKuiii  IIS,  Aj:.  -I,  tfi'tli  in  coiinectcd  series,  nat.  >jzf,  tnmi  (.'arlioniftTous  lAim*stone 

of  Ann:i;^'h  (after  l)avi.*<).  /I,  Associated  u])jn*r  tcetli  from  remains  of  tiead  found  in  Calciferous  Sandstones, 

Hast  Kilbride,  Tjinarksliire.  h,  Large  tooth  soniewlnit  br«>ke?i  : c,  Small  tooth  identical  with  Jlrhidus  mdis, 
M‘Cov;  d.  Slender  teeth  iclenticul  with  Ilclmins  jilmnis,  Ag.  ; e,  Helodont  teeth;  /,  t/,  '1‘eetli  identical  with 
J.ophoOns  liiihfui'is  and  J..  hievissi nius,  Ag.  sp.  (after  Tnniuair).^ 

sometimes  associated  more  numerous  transversely  elongated  small  teeth,  of 
which  isolated  examples  have  been  described  under  the  names  of  llelodus, 
LopJiodns,  iiiu\  Aspidodus.  Carboniferous  Limestone;  Europe,  India,  and  North 
America. 

Pleuroplax,  Sm.  Woodw.  (1‘leurodus,  Hancock  and  Atthey,  non  ^Vood,  nec 
Harlan).  Teeth  with  feeble  antero- posterior  ridges,  and  the  antero-  and 
j)ostero-lateral  borders  indented  between  these  ridges.  These  teeth  some- 
times associated  with  others  of  the  Helodus-type.  At  least  one  dorsal  fin,  with 
an  unornamented  spine.  J‘.  raiddnei,  H.  and  A.,  from  English  Coal  Measures. 
Other  species  from  Lpper  and  Lower  Carboniferous  of  Europe  and  North 
America. 

Menaspis,  Ewald,  emend.  Jaekel-  (hichelodus,  Giebel ; Chalcodus,  Zittel), 
^ T mriuair,  li.  II..  Tran.s.  (teol.  Soc.,  Gla.‘;gow,  vol.  VII.  188.5,  j).  392. 

^ Jaekd.  <)..  Ueber  Mcaas}>is  (Sitzuiigsb.  naturf.  Freuiicle,  Berlin,  1891,  p.  115). — Reis,  0.,  Ueber 
(lie  Kopl'staclieln  vou  Menasjns  annata,  Munich,  1891. 
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(Fig.  73).  Head  and  back  covered  wit 
spiny,  partially  keeled  placoid  scales 
and  small  shagreen  grannies.  On  each 
side  of  the  front  portion  of  the  head 
a triangular  spine,  provided  with  a 
broad,  hollow  base  and  covered  with 
tubercles  of  dentine.  Further  back 
on  each  side  three  smooth,  thin,  arched 
spines  fixed  by  a conspicuous  basal 
process  in  the  skin  of  the  head,  curved 
inwards,  and  apparently  consisting  of 
calcified  cartilage  ; the  middle  pair  of 
these  spines  more  than  twice  as  long 
as  the  others.  Dentition  consisting  of 
jaw  (Fig.  73).  d/.  armata,  Ewald,  fron 


longitudinal  series  of  tuberculated  or 


A 


Menaspis  armata,  Ewald  (Chalcodus  pcrmianvs, 
Zittel).  Dentition  from  above  (--1),  and  below  (}}),  nat. 
size.  Kupferschiefer  ; Glucksbninn,  Thuringia. 


one  pair  of  Cochliodont  teeth  in  each 
Kui)ferschiefer  of  (lerman3^ 


Family  2.  Psammodontidae.  De  Koniiick. 

Known  only  by  large,  flat,  or  slightly  arched  teeth.,  with  punctate  or  finely  rugose 
^ grinding  surface.  The  teeth  are  of  quadrate  or  oblong  shape, 

and  were  originally  arranged  in  one,  two,  or  more  longitudinal 
series.  Lower  Carboniferous. 

Psammodus,  Ag.  (Homalodus,  Astrabodus,  Davis), 

(Fig.  74).  Teeth  quadrangular,  with  relatively  thick 

base,  smooth  or  feebly  striated  on  the  attached  surface, 

arranged  in  the  jaw  in  paired  longitudinal  series. 

P.  rugosus,  Ag.  (Fig.  74),  from  Carboniferous  Limestone 

of  Ireland,  Scotland,  England,  Wales,  and  Belgium. 

Allied  species  in  Russia  and  North  America. 

Archaeobatis,  Newberry.  Teeth  scarcely  distinct 

from  Psammodus.  An  associated  group  of  A.  gigas, 

Newb.,  known  from  St.  Louis  Limestone,  Greencastle, 

Indiana  {Ann.  New  York  Acad.  Sci.  vol.  i.  1878,  p.  190). 

Copod  us,  Davis  {Mesogomphus,  Phy  modus,  Characodus, 

Pinacodns,  Davis).  Comparatively  small  median  teeth, 

Psammodus  raqosus  A"  narrower  ill  fi’oiit  than  behind,  divided  into  two  unequal 

Imperfect  tooth  from  alpve  parts  bv  a traiisvei'se  suture,  (t.  cornutns,  Davis,  and 
(.1),  and  m transverse  section  L,.  , “ . ,,  ^ t-  ^ r t i i 

(B),  nat.  size.  Carboiiiferons  allied  species  from  Cal' boiiiferous  fjimestone  of  Ireland, 

Limestone , Aiinagh.  England,  aiul  Noi'th  America. 


Family  3.  Petalodontidae.  Newberry  and  AVortlieii 

Teeth  antero-posteriorl y compressed,  transversely  elongated,  arranged  in  longitudinal 
and  transverse  rows  and  forming  a pavement.  Crown  enamelled,  more  or  less  bent 
backwards,  either  with  a sharp  cutting  edge  or  very  obtuse,  the  anterior  face  convex,  the 
posterior  face  concave  ; root  separated  from  the  crown  by  a constriction,  usually  with 
enamel  folds  immediately  above  it.  Carboniferous  and  Permian. 

Of  this  extinct  family,  Janassa  is  the  only  genus  of  which  more  than  the 
dentition  is  known.  This  fish  exhibits  a ray -shaped  trunk  covered  with 
smooth,  rounded  shagreen  granules ; the  large  pectoral  fins  extend  forwards 
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to  the  head,  and  the  pelvic  pair  are  separated  from  them  by  an 
the  tail  is  slender,  and  month  nai-row.  There  are  no  fin  spines. 
PefaJoJus,  Owen  {Choinutoi/ns,  A 

N ewb.  ; 

75).  Teeth 
and  transversely 
with  cutting  edge 
enamel  folds  ; root 


interspace  ; 


in  part;  Sirarius,  Leidy  ; Antliodvs, 
diis,  St.  John  and  Worthen),  (Fig. 
much  antero- posteriorly  coni])ressed 
elongated.  Crown  leaf-shaped, 
! and  sharp  basal  margin  with 
ong  and  comj)aratively  slender, 


r.  oxumirmtus,  Ag.  sp.,  and  other 
Carboniferous  Limestone  of  Kng- 
I reland,  Belgium,  Kussia,  and 
Bare  in  the  Coal  Measures  of 


truncated  below, 
spetnes  from  the 
land,  Scotland, 

North  America. 

North  America. 

Fefulorhi/nrhns,  Newb.  and  AVorth.  Dentition 
consisting  of  six  transverse  rows  of  three  acumi- 
nate cutting  teeth  with  undivided  root.  Carboni- 
ferous Limestone;  Europe  and  North  America. 
Janassa,  Mfinster  {Jtictaeu,  Jhjzenus,  Munster ; 
Climaxodus,  M‘Coy  ; Peltoilaa,  Newb.;  'Tanaodus,  St.  .lohn  and  AVorthen),  (Fig. 
76).  Dentition  consisting  of  narrow  and  elongated  teeth  with  a refiexed 
punctate  crown,  uhich  are  arranged  in  five  to  seven  longitudinal,  and  seven 
transverse  rows,  three  on  either  side  of  the  symjihysial  series.  The  oral 


iMc;.  7.'.. 

]‘cfolo<h(^  oUetfhffniensi.-i,  I.citly. 
Tootli  in  front  vi»-w  (.1)  and  trans- 
verse section  {li),  1/m  nut.  sizt*.  Coal 
Measures  ; Sprin-rlieltl,  Illinois  (after 
Newberry). 


A 


Kk;.  7b. 

■f(tua.<sa  hitnminnsn,  Schlolb.  sji.  Kupferscliiefer : (Jlucksbniiin,  Tliuringia.  A,  Ujjjjeraml  lower  dentition. 
/>.  (’ro.ss-seclion.  Tooth  from  in  front,  and  I>,  from  behiml.  Dermal  tubercles,  enlurjied. 


cutting  margin  is  formed  entirelv  by  the  anterior  face  of  the  crown,  which 
is  bent  backwards  sharply  and  overlaps  the  next  older  tooth  in  front, 
which  serves  as  a support.  The  long,  tapering -root  of  each  tooth  is 
much  compressed  antero-posteriorly,  slightly  arched,  transversely  ridged  on 
the  convex  anterior  face,  smooth  on  the  concave  hinder  face.  Skin  covered 
with  oval  or  (piadrate,  smooth,  shagreen  granules.  .7.  bifuminosa,  Schloth.  sp. 
(P'ig.  76),  represented  by'  important  specimens  from  the  Kupferscliiefer  of 
Hesse  and  Thuringia,  also  from  the  Alarl  Slate  of  Durham.  Detached  teeth 
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Fig.  7 , . 

PoliirhUodus  marjiut.^,  >['Coy.  . Tootli  iu  Front 
view  (.4),  aiul  transverse  section. i/s  mt.  si.ie. 
Carboniferous  I.iniestone ; Annagli  (after  .M  Coy). 


of  Other  species  (so-called  Climaxodus,  etc.)  from  Upper  and  Lower  Carhcrd 
ferous  of  England,  Scotland,  Ireland,  and  i 

North  America. 

Fissodus,  St.  John  and  "Worthen.  Car- 
boniferous Limestone;  North  America 
and  Scotland. 

Glossodus,  M‘Coy ; Mesolopltodus,  Sm. 

AVoodw.  Carboniferous  Limestone; 

Ireland. 

Folyrhizodus,  M‘Coy  {Lactylodus, 

Newb.),  (Fig.  77).  Teeth  robust,  with  a 
tumid  crown  tapering  to  a transverse  cutting  edge,  and  the  root  much  sub- 
divided. F.  magnus,  M‘Coy,  and  other  species  from  the  Car- 
boniferous Limestone  of 
Ireland,  England,  Eussia, 
and  North  America. 

Ctenoptychius,  Ag. 

( Ctenopetalus,  Ha  rpacodus, 

Fetahdopsis,  Davis  ; Ser- 
ratodus,  de  Koninck.  Teeth  small, 
antero-posteriorly  compressed,  with  sharp 
serrated  edge.  Coal  Measures  and  Car- 
boniferous Limestone ; England,  Scot- 
land, Ireland,  Belgium,  and  North 
America. 

Calloprisfodus,  Tracpiair  (Fig.  78). 

As  Ctenoptychius,  but  root  subdivided. 

C.  pectmatus,  Ag.  sp.,  from  the  Coal 
^Measures  of  England  and  Lower  Car- 
boniferous of  Scotland,  also  from  Coal 
Measures  of  Nova  Scotia. 

Feripristis,  St.  John (PrisioJi/s,  Davis). 

Lower  Carboniferous ; Great  Britain  and 
U.S.A. 


Fig.  iS. 

CoUopnsiodi/s 
tinatus,  A^.  s\>.  Coal 
Measures ; Scotland. 


Family  4.  Squatinidae.  M.  and  H. 

Angel-fishes  or  Monk-fishes. 

Trunk  broad  and  depressed.  Fectorat 
fins  large,  separated  by  a deft  from  the 
head,  so  that  the  branchial  openings  are 
still  directed  latercdly.  Teeth  pointed,  and 
conical,  without  lateral  denticles.  Tun 
dorsal  fins  on  the  tail,  without  spines.  Skin 
covered  with  small  placoid  scales.  Jurassic 
to  Eecent. 

The  single  genus  Squatina,  Aldro- 
vandi  (Fhina,  Klein  ; Thaumas,  Mhnst.  ; 

Fhorcynis,  Thioll.  ; Scaldia,  Le  Hon;  THi/onoJ as, 'Winkler),  (Figs.  79-81),  first 
appears  in  the  Lljrper  Jurassic  and  survives  in  the  existing  fauna.  Complete 
skeletons  of  S.  alifera,  Miinst.  sp.  ; S.  speciosa,  Meyer;  and  S.  acanthoderma, 


Fig.  T‘.>. 

Sfiuo.tino.  olifera.  ^liinst.  sp.  {^Siiuotlna  nco.ntho- 
derma,  Fra.as).  Upper  Jurassic  ; Eiclista<lt.  Bavaria. 
(Original  in  Palaeontological  Museum,  .Munich.) 
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Fnius,  occur  in  tlie  Lithographic  Stone  of  Bavaria  and  Wiirtemberg  (Nus- 
pUng.en);  and  the  genus  is  also  re})resented  in  the  corresponding  formation  of 
Ceriij-,  Ain,  France.  A complete  skeleton  of  S.  haumher(jensis,  von  der  March, 
is  kjiown  from  the  Up]ier  Cretaceous  of  the  Baundterg,  Westphalia  ; and  more 


.1,  SijiKfdno  nlifn-n,  Miinst.  sji. 
Tooth,  X 2.  Uj>|>pr  Jurassic 
(I  Jtho^TaiJiic IStoiic) ; fSolciihofcii. 
/>,  Sij  ini  ( i II  a fransi,  I’rtiijst. 
Tootli,  X 2.  >iioccii»‘  (Molassr); 
lialtrin-'cii. 


V\G.  SI. 

section  ol  tlu*  tcctosi>on* 
'lylic  vci’tcbral  coliiiiin  of 
nniji-his,  Linn,  vh,  Notoclionl  ; Cal- 
cilicd  (loul)lc-com*  (basis  of  centrum); 
ir,  Intervertebral  space;  v\  Vertebral 
centra  with  conciuitric  calcified  rin>:> 
(after  Ilasse). 


fragmentary  remains  of  S.  rruuci,  Sm.  AN'oodw.,  occui'  in  the  English  Chalk. 
Numerous  teeth  and  vertebrae  in  the  Tertiary.  S',  ocrii/eiilalis,  blast.,  from  the 
.Maryland  .Miocene. 


I•’alllily  .").  Pristiophoridae.  Cimtlur. 

Trunk  fiisifonii.  Snmif  mark  don<jatcil  aiul  JlafteiieJ,  wiflmul  Jaiernl  cariiluf/es, 
hilt  f rhujed  on  each  border  U'ith  pohded  dermal  leelh.  Branehial  r.lej'ls  lateral.  The. 
two  dorsal  Jins  tdllmaf  spines.  U])])er  Cretaceous  to  Recent. 

Trisfiophorns,  .M.  and  11.  Miocene  to  Recent.  An  undescribed  form  in  the 
C])per  Cretaceous  of  Mount  Lebanon  (Smith  Woodward). 

Family  0.  Pristidae.  (luiillu-r.  Saw-lislics. 

Trank  elongated,  slighthi  depressed.  Pectoral  jins  rather  large,  united  with  the 
head,  hut  not  extended  to  the  tong,  ilepressed,  sword-like  rostrnin,  strengthened  with 
lateral  cartilages,  and  armed  with  a row  of  large,  dermal  teeth  on  each  lateral  border. 
Picanchiid  clefts  on  the  ventral  surface.  Teeth  id  the  month  minnte  and  obtuse. 
Cp])er  Ci'ctaceous  to  Recent. 

Sclerorhgncbn.s,  Sm.  M'otjdw.  Teeth  of  rostrum  comjmratively  small  and 
not  fixed  in  sockets.  Rostrum  thus  reseml)les  that  of  Pristiophorns,  but  differs 
from  the  latter  and  agrees  with  Pristis  in  the  great  (leveloj)ment  of  a pair  of 
lateral  cai’tilages.  S',  atarns,  Sm.  A’oodw.,  known  by  nearly  complete  skeletons 
from  Upper  Cretaceous,  Mount  Lel)anon. 

Pristis,  Latham.  Teeth  of  rostrum  peg  like,  firmly  implanted  in  sockets  of 
calcified  cartilage.  .Middle  Eocene  (Bracklcsham  Beds)  to  Recent. 

Propristis,  Dames.  Rostral  teeth  as  in  Pristis,  but  not  implanted  in 
cartilage.  LIp])cr  Eocene  ; Birket-el-()urun,  Egyjff. 

Familv  7.  Rhinobatidae.  iMullei-  and  Ilcailc. 

Trunk  depressed,  but  elongated.  Pectoral  jins  large,  connected  vnth  the  head,  but 
the  cartilaginous  rags  not  reaching  the  end  of  the  somewhat  elongated  snout.  Branchial 
clefts  on  the  ventral  side.  Teeth  small  and  obtuse.  Tail  robust,  idth  two  dorsals  and 
a large  caudal  jin.  Tipper  Jurassic  to  Becent. 
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Ehinohafus,  Bloch  {Eunjarthra,  Ag. ; Spafhobafis,  Thioll.),  (Fig.  82).  Dorsal 
fins  without  spines.  Skin  with 
small  shagreen  granules.  Com- 
plete skeletons  from  the  Litho- 
graphic Stone  of  Bavaria  and 
France,  the  Upper  Cretaceous 
of  Mt.  Lebanon  and  Italy,  and 
the  Upper  Eocene  of  Monte 
Bolca.  Also  later  Tertiary  and 
Recent. 

Asterodermus,  Ag.  Dorsal 
fins  with  small  spines.  Sha- 
green granules  rather  large, 
stellate.  A.  plahjpterus,  Ag.,  a 
small  species  from  the  Litho- 
graphic Stone  of  Bavaria. 

Belemnobatis,  Thiolliere. 

Lithographic  Stone;  Cerin,  Ain, 

France. 

Trygonorhina,  Platyrhina,  M. 
and  H.  Eocene  to  Recent. 


Family  8.  Tamiobatidae. 

This  family,  represented  by 
the  unique  Tamiohafis  vetusttis, 
Eastman,  from  the  Devonian  or 
Lower  Carboniferous  of  Ken- 
tucky, is  of  uncertain  system- 
atic position,  but  intermediate 


between  existing  sharks 
rays. 


am 


Family  9.  Rajidae.  Miiller 
and  Henle.  Skate.s. 

Trunk  much  depressed,  form- 
ing a broad,  usually  rhombic  disk 
with  the  pectoral  fins,  which  extend 
from  the  snout  to  the  pelvic  fins. 

The  latter  fins  with  a strong,  un- 
segmented, cartilaginous  ray  in 
front.  Teeth  small,  with  bifur- 
cated root  and  rhombic  crown, 
forming  a close  pavement  in  each 

jaw.  Tail  very  slender,  without  lUnnohatus  mirauns,  Wagn.  upper  Jurassic  (T.ithograpliic 
. in  1 1 r 77  stone):  Eichstadt,  Bavaria.  (From  a specimen  1‘7  m.  long  in 

spines^  (I'tld  t/l6  CdUdCll  fl)h  SllldU  OV  the  Palaeontological  Museum,  Munich.) 

absent.  Skin  with  small,  pointed 

shagreen  gramdes  and  larger,  scattered,  spinous,  placoid  tubercles. 
taceous  to  Recent. 


Fio.  82. 


Upper  Cre- 
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Ci/clohafis,  P]gertoii.  Disk  circular  or  oval,  and  tail  very  short,  without 
median  fins.  Rays  of  paired  fins  few  and  well-spaced,  the  pectorals  united  in 
front  of  the  head.  Pelvic  arch  with  very  large  pre-])ubic  processes.  C.  oUgo- 
dadylus,  Egerton,  from  Upper  Cretaceous,  IPikel  and  Hajoula,  Mount  Lebanon. 

Raja,  Cuv.  (Actinohatis,  Ag.),  (Fig.  2).  Upper  Cretaceous  (Mount  Lebanon) 
to  Recent.  Dermal  tubercles  of  existing  L‘.  davata,  Linn.,  in  Pliocene  Crags 
of  Norfolk  and  Suffolk. 


Family  10.  Torpedinidae.  Muller  and  Henle.  Torpedoes. 

Tntnk  mndt  depressed,  forming  a hroad  and  rounded  disk  with  the  gjedoral  fins, 
wfiich  do  not  extend  forwards  to  the  hroadlii  rounded  anterior  end  of  the  head.  Tail 
short  and  jleshi/,  with  well -developed  dorsal  and  caudal  fins.  Skin  naked.  An 
electric  organ  between  the  pectoral  f ns  and  the  head.  Eocene  to  Recent. 

Torpedo,  Dumeril  {Narcuhatis,  Rlv.).  Sometimes  suj)posed  to  be  represented 
by  skeletons  in  Upper  Eocene  of  Monte  Bolca,  but  doubtful.  Recent. 

Xarcine,  Heide.  L^pj)er  Eocene  of  IMonte  Bolca,  and  Recent. 


Family  1 1 . Trygonidae.  Mitller  and  Henle.  Sting-rays. 


Trunk  inudi  depressed,  forming  a disk  with  the  re rg  broad  pectoral  fins,  which 
meet  in  f ront  of  the  snout,  and  constitute  the  anterior  border  <f  the  head.  Tail  very 
slender,  sharjily  separated  from  the  disk,  the  dorsal  fins  usiadly  rejdaced  by  several 
stout  indjricating  spines  of  vasodenfine,  ichich  are  antero-posteriurly  compressed  and 
armed  with  a roiv  of  recurred  hooklets  on  each  lateral  border.  Teeth  small,  rhombic 
or  polygomd,  with  bifurcated  root,  ami  forming  a close  pavement.  Skin  naked,  with 
large  conical  plates  of  rasodentine,  sometimes  fused  into  groups,  usually  raised  into  a. 
short  spine.  Tertiary  and  Recent. 


very 
T. 


Tri/gon,  Adanson  (Trygonobafus,  Blv.  ; ^llexandrinum,  Molin),  (Figs.  83,  84). 
Tail  elongated,  with  long,  flattened  dorsal  spines.  Dermal  plates  of 

varialde  form  and  size.  T.  gazolae,  Ag.  ; 
(Alexandrinum)  molini,  Zigno  ; T.  zignoi,  Molin, 
known  by  neai'ly  cf)mplete  skeletons  from  the 
Upper  Eocene  of  Monte 
Bolca.  Isolated  dermal 
plates  (Fig.  84)  have 
been  described  as  refer- 
able to  Itaja,  Acipenser, 

Dynatobatis,  Lari'azet, 
and  yfeanthobatis,  Tiarr. 

Taeniiira,  Uroloph  us, 

M.  and  H.  U]>per  Eocene  (Monte  Bolca)  and 
Recent. 

Xiphot rygon.  Cope  (Ileliobatis,  IMarsh).  Resembling 
Trygon,  but  teeth  cus})idate.  A',  acutidens.  Cope,  known 
by  complete  skeletons  from  Eocene  Green  River  Shales 


Fi(..  ML 

Tripjoii  nnjrnitis,  Probst.  Tootli,  an* 
t**rior  (.1),  iM>stt-rior  (/I),  ajul  lalnral  (U), 
aspects.  enlar;:**(l.  ami  the  same  iiat.  size 
{h).  .Miocene  (Molasse) : Haltrinp-n  (after 
Probst.). 


PIO..S4. 


of  AVvoming. 


Tryffon  (Arftn(liohn(i}<)  tuh'r- 
vtilnan^,  I’robst.  sp.  Dermal 
tubercle,  nat.  size.  Miocene 
(Molasse);  Haltriiigen. 


Oncobatis,  Leidy.  Dermal  tubercles.  Pliocene;  Idaho. 
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Family  12.  Myliobatidae.  Miiller  and  Henle.  Eagle-rays. 

Trunk  much  depressed,  forming  a hroud  disk  with,  the  very  large  pectoral  fins, 
which  are  interrupted  at  the  sides  of  the  head,  hd  reajipear  as  one  or  a jniir  of  small 
cephalic  fins  at  the  extremity  of  the  snout.  Tail  very  slender,  with  one  or  several 
flattened  spines  behind  the  single  dorsal  fin.  Teeth  rather  large,  forming  a close 
pavement  in  both  jaws.  Skin  naked.  Cretaceous  (jl).  Tertiary  and  Ilecent. 

]\Iost  of  the  surviving  genera  of  this  family  are  represented  in  the  Tertiary 
by  isolated  teeth  and  spines,  or  by  the  complete  dentition. 

? Ptychodus,  Ag.  {Aulodns,  Dixon),  (Figs.  85,  86).  Known  only  by  the 
dentition  and  vertebi’ae,  and  hence  of  uncertain  systematic  position.  Teeth 
quadrangirlar,  with  a raised  crown,  which  is 
transversely  or  radially  ribbed,  and  sharply 
separated  by  a constriction  from  the  smaller. 


Fig.  Sj. 

PtyclioiJus  iiolygyrus,  Ag.  Tooth,  oral  and  posterior  views, 
nat.  size.  Greensand  ; Regensburg. 


Fig.  so. 

1‘tychodus  decvrirns,  Ag.  Diagram  of 
arrangement  of  teeth  in  upper  (d),  and 
lower  (J!)  jaws,  mncdi  reduced.  Lower 
Chalk  ; England  (after  8inith  Wood- 
wai’<l). 


smooth  root.  The  teeth  are  solid,  and  the  ganodentine  investing  the  crown 
is  thick.  They  are  arranged  in  about  thirteen  antero-posterior  series  (Fig. 
86).  In  one  jaw,  presumably  lower,  the  median  series  of  teeth  is  the  largest, 
and  the  lateral  rows  are  dis- 
posed symmetrically,  diminish- 
ing in  size  outwards.  In  the 
opposing  jaw  the  median  series 
is  very  small,  and  the  first 


.Taws  of  Myliohntis  aqaila,  Cuv.  Anterior  aspect. 

: Mediterranean  (after  Agassiz). 


Itecent ; 


lateral  row  on  each  side  large,  wdth  the  outer  lateral  series  diminishing. 
Common  in  the  Chalk  of  Europe  and  North  America,  rarer  in  the  Greensand. 
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Promi/Iiohafis,  Jaekel.  A skeleton  from  the  Upper  Eocene  of  Monte  Bolca, 
a))parently  showing  ])ectoral  fins  less  completely  internipted  at  side  of  head 

than  in  i-ecent  Mjiliohatis,  otherwise 
the  latter.  P.  gazolae,  Zigno  sp. 

Mi/liobafis,  Cuv.  (Pastinaca,  Gronow),  (Figs. 
87-90).  The  dental  pavement  of  the  jaws 
consists  of  seven  antero-posterior  rows  of  hex- 
angular  flattened  teeth  closely  juessed  together. 


longer 


The  lower  dentition  is 
than  that  of  the  ujijier  jaw. 
In  t'oung  examples  all  the 
teeth  are  similar  in  form  and 
size,  but  during  growth  the 
median  series  rajiidly  in- 
creases in  width,  and  event- 
ually becomes  from  three  to 
six  times  as  broad  as  long, 
while  the  shape  of  the  lateral 
series  remains  unchanged. 
The  strongly  develojied  root  of  each  tooth  is  marked  with 
jiarallel  grooves  on  its  lower  and  lateral  faces.  Numerous 
species  rejiresented  by  the  dentition  in  the  Tertiaries,  and 


My/iohdtis  tolifijticiiSj  A^'.  liiipcrfect 
'Iciitition.  EocPiiH  ; lirackleslKun, 

Sussex. 


M.  dixoni, 
from  En 
largest 


J/. 


& 

known 


JP 

liv 


and  less  arched 


, ..i.  striafns, 
lish  Eocene.  J/. 


species,  from 
magisler,  Leidy,  the 
complete  dentition 

Mi/Iorliiiia,  Gill). 


caudal  spines  also  known. 

Buckl.  ; M.  foliapinis,  Ag., 
penfoiii,  iSm.  Woodw.,  the 
Eocene,  Mokattam  Hills,  Cairo, 
largest  American  specie.s,  known 
from  the  South  Carolina  Eocene. 

Hhhiopfem,  Miiller  {Zi/rjolxifes, 

Dentition  of  both  jaws  strongly  arched  antero-posteriorly. 
Teeth  flattened  and  hexangular,  in  five  to  nine  antero- 
])osterior  rows,  and  mostly  broader  than  long,  l)Ut  diminish- 
ing in  breadth  outwards.  Tertiary  and  Recent.  P.  daviesi, 
Sm.  AVoodw.,  from  London  Clay,  Shepjiey. 

Aetolmtus,  M.  and  H.  {Goiiiohafis,  Le  Hon).  Teeth  veiy 
broad,  in  a single  antero-posterior  series.  Tertiary  and 
distribution. 


Fig.  HU. 

MyUohfffis  trrratua,  H. 
V.  Meyer.  Caudal  tin* 
sifine.  Oligoeeiie;  Wein- 
heiin,  near  Alzey. 

Recent  ; wide 


Order  5.  HOLOCBPHALI.  Chimaeras. 

Ptcri/iiDipiad nrie  urcade  comphdehj  and-  immovahl/i  fused  tcifh  the  cranium. 
MandihJe  provided  with  a very  hiryc  dental  plate  oh  each  side^  meetiny  one  or  two 
pairs  of  dental  plates  in  the  upper  jaw.  Gill  clefts  covered  by  a fold  of  shin,  so  that 
there  is  only  one  external  opening.  Vertebral  axis  not  distinctly  segmented,  and  the 
notochord  surroiinded  by  numerous  partially  calcified  rings  of  cartilage.  Paired  jins 
with  two  or  three  short  basal  cartilages;  pelvic  fins  of  male  with-  appended  claspers. 

The  Holocephali  occupy  a unique  position  among  the  Selachii,  on  account 
of  ( 1 ) the  incompletely  segmented  character  of  the  vertebral  axis,  in  which  the 
number  of  the  cartilaginous  rings  considerably  exceeds  that  of  the  arches  and 
processes;  and  (2)  the  fusion  of  the  upper  jaw  with  the  skull.  Their  trunk 
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resembles  that  of  the  sharks,  while  the  dentition  is  distinguished  by  the  remark- 
ably peculiar  form  and  structure  of  the  few  very  large  teeth  or  dental  plates. 
Of  the  four  surviving  genera,  Chimaera  lives  off  the  European  coasts,  Japan, 
and  the  Cape  of  Good  Hope  ; Callorhtjnrhus  in  the  seas  of  the  southern  hemi- 
sphere; Harriotta  in  the  deep  Atlantic  off  North  America;  and  FJiinochimaera  in 
deep  water  off  Japan.  In  all  these  genera  the  anterior  dorsal  fin  is  provided 
in  front  with  a strong  spine,  which  is  supported  by  a broad  plate  of  cartilage 
fixed  to  the  vertebral  column,  and  is  united  with  this  plate  by  a cartilage 
articulation.  Besides  the  fin  spine,  the  males  of  recent  forms  bear  on  the 
frontal  region  a spine  which  is  rounded  in  front  and  covered  with  prickles,  as 
well  as  smaller  prickly  spines  in  front  of  the  pelvic  fins.  The  long  copulatory 
organs  are  also  strengthened  by  thin  calcified  rods.  The  skin  of  the  existing 
genera  is  naked,  but  in  some  extinct  genera  it  is  partly  covered  with  shagreen 
granules  and  plates.  A remarkable  peculiarity  of  the  Chimaeroids  consists  in 
the  unusually  conspicuous  character  of  the  mucous-canals,  which  traverse  the 
skin  of  the  head  and  form  the  very  prominent  lateral  line  of  the  trunk.  These 
are  surrounded  by  numerous,  closely  arranged,  calcified  rings  of  cartilage. 

The  existing  representatives  of  the  Holocephali  are  only  an  insignificant 
remnant  of  a former  much  more  extensively  developed  group  of  Selachians, 
which  appears  first  in  the  Devonian,  and  is  perhaps  genetically  connected  with 
the  Cochliodontidae. 

Family  1.  Ptyctodontidae.  Smith  Woodward.i 

Known  only  by  dental  plates,  which  are  laterally  compressed,  seem  to  form  a 
single  pair  meeting  at  the  symphysis  of  each  jmv,  and  exhibit  either  few  tritoral  ureas, 
or  sharp  cutting  edges.  Devonian. 

Ftyctodus,  Pander  {Aulacosteus,  Eichwald  ; Rinodus,  Newb.  and  "Worth.). 
Tritoral  area  composed  of  very  hard,  punctate,  superimposed  laminae,  arranged 
obliquely  to  the  functional  surface.  F.  obliquus.  Pander,  from  Middle  Devonian, 
North  Eussia.  F.  molaris.  East.  ; Eifel  Devonian.  F.  calceolus,  Newln,  and 
F.  ferox.  East.  ; Middle  and  Upper  Devonian,  Wisconsin,  Illinois,  and  Iowa. 

Fhynchodus,  Newb.  Dental  plates  with  sharp  cutting  edges,  and  no  well- 
differentiated  tritors.  North  America,  and  the  Eifel,  Germany. 

Falaeomylus,  Sm.  Woodw.  Robust  teeth,  with  broad  symphysial  surface, 
and  one  punctate  tritoral  area,  not  laminated.  North  America. 

Family  2.  Squaloraiidae.  Smith  Woodward. 

Trunh  depressed  and  elongated,  and  head  produced  into  a lung,  slender  snout. 
Lower  dentition  comprising  one  pair,  upper  dentition  two  pairs  of  thin  corrugated 
dental  plates  without  definite  tritors.  Males  with  a prehensile  spine  on  the  snout. 
Dorsal  fin  spine  absent.  Numerous  conical  or  stellate  dermal  tubercles.  Lower 
Jurassic. 

Squaloraja,  Riley  (Spinaxorhinus,  Ag.).  Tail  tapering  to  a point.  Rostral 
spine  with  expanded  base,  tapering  to  a point  in  front.  Vertebral  rings  well 
calcified,  consisting  of  several  concentric  lamellae.  S.  polysqwndyla,  Ag.,  known 
by  nearly  complete  skeletons  0'15  in  length,  from  the  Lower  Lias  of  Lyme 
Regis,  Dorsetshire. 

' Easltnan,  C.  R.,  Dentition  of  Devonian  Ptyctodontidae  (Ainer.  Nat.  vol.  XXXU.),  1S9S. 
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Family  3.  Myriacanthidae.  Smith  Woodward. 

Trunk  elonfiafed.  Two  upper  pairs  and  one  lower  pair  of  fhin,  dental  plates, 
also  a stout,  median,  incisor-like  tooth  at  the  symphijsis  of  the  mandible.  Head  with 
a few  dermal  plates.  ALdes  with  a prehensile  spine  on  the  snout.  Anterior  dorsal 
fin  above  the  pectorals,  with,  a long,  straight,  robust  spine.  Jurassic. 

Mijriacanthus,  Ag.  (Trognathodus,  Egertoii ; Aletopacantlius,  Zittel).  llostrum 
with  a terminal  cutaneous  Hap.  Anteiior  upper  dental  plate  smaller  than  the 
posterior  plate.  Dorsal  fin  spine  long  and  slender,  somewhat  laterally  com- 
pressed, with  a large  internal  cavity  ; sides  ornamented  with  small  tubercles  ; 
a series  of  large,  thorn-shaped  tubercles  arianged  along  each  edge  of  the 
Hattened  posterior  face,  passing  into  a single  median  row  distally,  and  a single 
series  of  similar  denticles  on  the  anterior  border.  Kostral  s})ine  elongated 
and  pointed,  with  expanded  base.  Dermal  plates  tidjerculated.  AI.  paradoxus, 
.Vg.,  and  AI.  granulatus,  Ag.,  from  Lower  Lias  of  Lyme  Kegis. 

Chimaeropsis,  Zittel  (Fig.  91).  Mandibular  dental  plates  {md),  slightly 
arched,  with  a large  tritoral  area ; the  symphysial  tooth  (x)  externally 


r 


'.a. 

Oil mtn’rn/i.sis  juinnln.ra^  '/Ati.  Uj)])!*!-  .Jurassic  ( Lillio^uiipliic  Stone);  Kic)ista<lt,  Havaria.  ^ ft  nal.  size. 
nul.  .Mamlibnlar  tooth;  llimler  upper  tootli  ; r,  Anterior  ui>j)er  toolli  inside  view;  pi,  Same  from  lower 
side  ; ./•,  Slender  premamlibular  tooth. 

(inferiorly)  cimvex,  internally  (superiorly)  Hat  or  concave.  Anterior  {v)  and 
posterior  (/>)  upper  dental  ])lates  triangular,  the  former  not  smaller  than  the 
latter,  and  tai)ering  in  front,  the  latter  tapering  behind.  Fin  spine  as  in 
Alfiriacunthus.  Ilody  covered  with  small,  conical,  radiately  grooved  ])lacoid 
scales.  U])per  .lurassic  (Lithographic  Stone)  of  Ilavaria. 

Family  1.  Chimaeridae.  ('himaeras.' 

Trunk  elongated,  shark-like.  Teeth.  Jorniing  ttvo  jiaJ.rs  of  robust  dental  pdates  in 
the  upper  jaw,  the  foremost  the  smaller,  both  pairs  thickened  and  closely  apposed  in 
the  longitudinal  mesial  line  if  the  mouth;  lower  dentition,  comprising  a single  pair  of 
beak-shaped  plates  meeling  at  the  symphysis;  the  plates  usually  with,  several  tritors. 
Pectoral  fins  very  large,  fan-like,  with  simjile,  horny  rays ; anterior  dor.sal  fin  above 
the.  pectorals,  with  a large  spine  articulated  to  a cartilaginous  base;  'posterior  dorsal 

' yi’ir/nii,  E.  7’.,  The  Cliimaeroid  Fislies  of  tlie  tiritisli  Cretaceou.s  Rocks  (Mcni.  Geol.  Survey, 
Mon.  No.  IV.),  1878. 
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Jin  low,  much  extended.  Skin  naked,  or  with,  shagreen  granules.  Jurussic  to 
Recent. 

Ischyodus,  Egerton  {Leptacanthus,  Ag. ; Auluxacanthus,  Sauvage  ; Chimaer- 
acanthus,  Quenstedt),  (Fig.  92).  Lower  dental  plates 
rhomboidal,  with  a narrow  symphysial  facette  ; upper 
part  of  outer  face  covered  with  a thick  layer  of 
dentine,  and  oral  margin  sharp ; four  rough  punctate 
tritors  present.  Posterior  upper  dental  plates  tri- 
angular, tapering  in  front,  with  four  tritors  ; anterior 


upper  teeth  square,  antero -posteriorly  compressed. 
Dorsal  fin  spine  laterally  compressed,  smooth  or 
longitudinally  striated,  with  a double  longitudinal 
series  of  denticles  on  the  hinder  face.  Males  with  a 
short,  arched  head  spine,  bearing  a cluster  of  denticles 
at  the  end.  Nearly  complete  skeletons  of  I.  avitus, 
Meyer  sp.  (Fig.  92),  and  I.  (puenstedti,  from  the 
Lithographic  Stone  of  Bavaria.  Detached  teeth 
from  the  Bathonian  (Stonesfield  Slate)  to  the  Upper 
Cretaceous  of  England,  France,  Germany,  and  Switzer- 
land ; also  from  Cretaceous  of  Amuri  Bluff,  New 
Zealand. 

Ganodus,  Ag  Dentition  as  in  Ischyodus,  but 
posterior  upper  dental  j)late  deeply  excavated 
behind,  with  a double  longitudinal  series  of  numer- 
ous small  tritors.  Bathonian  (Stonesfield  Slate), 
G.  oweni,  Ag.,  and  other  species. 


England. 


Fig.  113. 

K(h(phvdoii  sedijtricki,  Ag.  sp.  Teeth,  l/o  iiat.  size.  Lower  Chalk  ; I.ewes. 
mdj  Left  mandibular  tooth,  inner  aspect’;  p,  Left  hinder  upper  tooth,  oral 
aspect;  r.  Left  anterior  upper  tooth,  inner  aspect;  a,  Tritors  ; syw,  8yin- 
l>hysial  border  (after  E.  T.  Newton). 


Ischyodati  avitus,  H.  v.  JMeyer. 
Almost  cmaplete  skeleton,  1/2 
nat.  size.  U]>per  .Jurassic 
(Lithograi)hic  Stone) ; Eichstiidt 
(after  II.  V.  Meyer). 


Fachymylus,  Brachymylus,  Sm.  “Woodw.  Upper  Jurassic  ; England. 
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/•Jdaphodoii,  Buckhiml  (Passalodon,  Buckl.  ; Pinniiloilns,  Myloijnathus,  Leidy  ; 
DiprisHs,  Mill’s h ; Leptowi/las,  Coiie),  (Fig.  9.3).  Lower  dental  jilates  with  a 
broad  symphysial  facette ; posterior  uiiper  dental  plates  tapering  in  front, 
truncated  behind,  and  with  three  tritors.  Cretaceous,  Eocene,  and  (Jligocene 
of  Europe  and  North  America. 

Elnsmodecfes,  Newton  (Elasniof/nuthas,  Newton,  )iou  (till).  Mandibular  teeth 
laterally  compressed  and  trenchant,  with  a series  of  small  tritors  along  the 
oral  border.  E.  willefti,  Newton,  from  Lower  Chalk,  Kent. 

Ainyludun,  Storms.  Lower  Miocene  (Kupelian)  ; Belgium. 

Ehismodus,  Egerton.  U{)))er  Cretaceous  of  Belgium  ; Eocene  of  England 
and  Prussia. 

Dental  plates  of  the  existing  genus  CaUorhi/iirhua,  Cronow,  have  been 
identified  from  the  Cretaceous  of  Amuri  Bluff,  New  Zealand  ; of  the  existing 
genus  Chimaeru,  Linn.,  from  the  Upper  Tertiary  of  Europe  and  Java. 


Ichthyodorulites. 


Fio.  i»4.  ' 

nui'h  H.<  tritui.'^trintns.  A;:. 

nal.  size.  Upppr 
Silurian  : Linllow.  Kn^^Iaiul. 


Fossil  tin  sjn’nes  consisting  of  dentine  or  vasodentinc,  and  thus  presumably 
referable  to  the  Selachii,  are  frequently  found  isolated 
especially  in  the  Palaeozoic  formations,  and  can  only  bo 
in  part  assigned  to  definite  genera.  These  are  therefore 
described  under  jn-ovisional  generic  names.  M(jst  of  them 
are  bilaterally  symmetrical,  and  may 
be  regarded  as  median  dorsal  spines  ; 
but  several  are  distinctly  rights  and 
lefts,  and  belong  either  to  the  paired 
tins,  as  in  Acanthodidae,  or  to  the  side 
of  the  head,  as  in  Meiiaspis  among 
Cochliodontidae.  In  the  unsym- 
metrical  spines,  the  base  i.s,  as  a rule, 
abruptly  truncated  ; in  the  bilaterally- 
.symmetrical  dor.sal  spines,  on  the  othei’ 
hand,  it  is  usually  elongated  and  tajiers  , ,, 

to  the  |)roximal  end.  Ipl! 

Among  the  Ichthyodorulites  not 
yet  referalile  with  cm’tainty  to  definite 
genera  or  families,  the  following  may 
l)e  enumerated  . — 

{(i)  Slender,  bilaterally-.symmetrical 
spines,  with  a smooth  base  sharjily 
separated  from  the  e.xserted  portion  ; internal  cavity  open 
posteriorly  towards  the  base.  Probably  for  the  most  part 
referable  to  the  Cestraciontidae.  Onrluis,  x\.g.  (Fig.  94); 

U[)per  Silurian  and  Devonian,  Eurojie  and  eastern  North 
America.  Ctcnacaiithii.%  Ag.  (Fig.  95),  possil)ly  the  tin 
spines  of  Orodns;  Lower  Carboniferous,  Europe  and  North 
America.  IlomacanfJnis,  Ag.  ; Devonian  and  Lower  Carboni- 
ferous. Acondplacunthns,  St.  J.  and  AVorth. ; Asferoptj/chins, 

M‘Coy  ; Lispacauflnis,  Davis  ; Geisacanthus,  St.  J.  and  MMrth.; 

Lower  Carboniferous.  Lcpracanfhu-'i,  Owen  ; British  Coal  Measures.  IFodniku, 


1 
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Kig.  PO. 

< ft’nnrunfkifs  (Jcntiifu- 
lafus,  M'Coy.  V2 
size.  Carboniferous 
Cimestone ; Moiiadufi', 
Irelanrl  (alter  M'Coy). 
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Munster;  Permian  (Kupferschiefer  of  Germany),  (Fig.  D6). 
Ag.  ; Rhaetic  and  Lower  Jurassic. 

(h)  Slender,  bilaterally  - sym- 
metrical spines,  with  little  or  no 
smooth  inserted  portion,  and  in- 
ternal cavity  only  open  at  the 
proximal  end.  Gnathacanihus, 

Davis;  Lower  Carboniferous, 

Armagh,  Ireland.  PristacaiitJms, 

Ag.  ; Bathonian,  Oxfordshire  and 
Normandy. 

(c)  Right  and  left  paired  spines, 
most  probably  connected  with  fins. 

Machaeracanthus,  Newb.  (Fig.  97); 

Heteracanthu  s, 

Newb.  ; Hapla- 
cantJms,  Ag.  De- 
vonian ; Europe 
a n d North 
America.  Gi/ra- 


Xemacanfhas, 


Fig.  5Ui. 


Fig.  07. 


^Macliacmcantlius  'major, 
Newberry.  Middle  De- 
vonian ; Sandusky,  Ohio. 
'/•>  nat.  size  (after  New- 
berry). 


,7  * IVodnlka  strUitala,  Miliist.  Eiilaiv^ed.  Kuiilbr.schiefer ; 

C it  lit  h U S,  Jx  g.  Riechel.sdorf,  ile.sse.  J,  Fin-si>ine.  7’,  Sha,^Teen  grannies. 

Lower  Devonian 

(Canada)  to  Upper  Carboniferous  (Europe  ;uid  North 
America). 

(d)  Paired  spines,  usually  with  a 
])road,  truncated  1.)ase,  a large  internal 
cavity  and  the  outer  face  tuberculated. 
Probably  lateral  head  spines,  as  in 
Menaspii  among  Cochliodontidae.  Ora- 
canfhus,  Ag.  (Flutf/acunfhns,  M‘Coy ; 
Pnigeacaiith.H.s,  St.  J.  and  Worth.;  Phodera- 
canfhus,  Davis.)  Carboniferous  of  Eurojie 
and  North  America  (spines  already 
observed  on  either  side  of  head  in  one 
example  of  0.  annigerus,  Traquair,  from 
Calciferous  Sandstones  of  Eskdale, 
Dumfries).  Phi/sonemus,  M‘Coy  (Xystra- 
canfhus,  Leidy  ; Drepanacanflms,  Newb.); 
ErismacanfJins,  M‘Coy  ; Gampmcanthus, 
St.  J.  and  Worth.  (Fig.  98) ; Lccra- 
caiifhus,  St.  -T.  and  Worth.  ; IHpria- 
caidhus,  M‘Coy,  etc.  Lower  Carboni- 
ferous. 

(e)  Spines  of  entirely  doubtful  posi- 
tion. Cynopiodins,  Traquair.  Lower 

Scotland.  Euctmvns, 


Fig.  9S. 


Ga mpfiaco  n th n s tyims, 

St.  John  and  Worthen. 

Carboniferous  Liine- 
.stoue;  St.  Louis, 

Mi.ssouri  (after  St.  Joiiii  Carboiiiferous  ; 

and  V orthen).  . i -i,  r n i i 

1 rciC|Uciir.  JVl6fisur6s  j ocotlciiicl, 

England,  and  Ohio,  Lf.S.A.  Stefhaamthiis,  Newb. 

Lower  Carboniferous  ; Ohio,  Illinois,  and  Iowa. 


Upper  Devonian  and 
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Sub-Class  2.  OSTRACODERMI.  Cope. 

Earhj  Palaeozoic  fishes  with.  2^^>'sistent  notochord,  and  endoskeleton  not  calcified. 
Mandible  and  arches  for  -paired'  fins  apparenthi  absent.  Exoskeleton  well  developed, 
the  head  and  anterior  portion  of  the  trunk  nsualhj  covered  with  plates.  Mouth 
without  hard  parts. 

The  Ostracoderms  form  one  of  the  most  characteristic  groups  of  the  early 
Palaeozoic  fish-fauna  ; but  their  true  systematic  position  is  still  uncertain. 
Their  remains  were  formerly  compared  with  the  armour  of  reptiles  such  as 
tortoises,  and  also  with  crabs  and  M'ater-beetles  ; while  more  lately  they  have 
even  been  supposed  to  exhibit  reseml)lances  to  Arachnids.  They  were  first 
recognised  as  fishes  by  Agassiz,  and  referred  by  him  to  the  Ganoidei.  Unless 
appearances  in  the  fossils  are  deceptive,  they  are  distinguished  from  all  t}^])ical 
fishes,  and  agree  with  the  Ci/clostomi  in  the  lack  of  a lower  jaw  and  of  arches 
for  paired  limbs  ; but  there  seems  to  be  evidence  of  paired  nasal  openings  in 
Pterichth)js  and  Bothriolepis. 

Four  orders  of  Ostracophores  may  be  recognised  as  follows: — lleterostraci, 
A-naspida,  Aspidocephali,  and  Antiarcha.  In  the  first,  the  exoskeleton  sometimes 
consists  of  placoid  tubercles  of  dentine,  as  in  sharks ; in  the  second  the 
tubercles  on  the  head  region  are  never  fused.  In  the  more  typical  Hetero- 
straci,  as  also  in  the  Aspidocephali  and  Antiarcha,  this  primitive  armour  is 
modified  so  that  the  head  and  anterior  abdominal  region  become  invested  with 
dermal  ])lates,  which  are  usually  as  well  develoj^ed  as  in  modern  sturgeons 
and  certain  bony  fishes  (Siluridae).  The  sub-class  is  restricted  to  the  U2>per 
Silurian  and  Devonian. 

Order  1.  HETEROSTRACI.  Ray  Lankester.^ 

E.i:oskeleton  consisting  of  shagreen,  plates,  or  scales,  without  hone  cells  ; each,  full g 
formed  jdate  roin/irising  three  superinijiosed  layers — an  inner  “nucreo^is”  layer  of 
lamellae,  a relatively  thick  middle  zone  with  numerous  vacuities,  and  an  outer  hard 
lai/er  of  raso-dentine.  Dorsal  shield,  when  present,  cf  few  pieces,  and,  orbits  ^cide 
apart,  laterally  placed.  No  paired  appendages. 

Family  1.  Coelolepidae.  Pander. 

Head  and  trunk  relatively  large,  and  depressed,  completely  covered  with  placoid 
tubercles  of  dentine,  scarcely  if  at  (til  fused  into  groups;  the  small,  slender  caudal 
region  sharply  constricted  from  the  head  region  and  distinctly  heterocercal.  Uppei’ 
Silurian  and  Lower  Devonian. 

d’hc  dermal  tubercles  of  genera  of  this  family  have  long  been  known  from 
the  Upper  Silurian  of  England  and  the  Isle  of  Oesel  in  the  Baltic  Sea;  but 
until  the  discovery  of  com})lete  specimens  in  the  Tipper  Silurian  of  Lanark- 

' A.  ro'ii . Ueber  J'/eras/a'c,  C/yathnspi.-i,  mid  iSrapha.yils  (Beitr.  P.alaeoiit.  Oe.sterr.- 

Uiigarus.  vol.  II.),  ] SS6. — Hn.dey,  T.  //. , On  fjephalasjiis  and  J^teraspia  (Quart.  Journ.  Geol.  Soc. 
voB.  XII.,  .VIV.,  XVII.),  18136,  18.18,  1861. — Kner,  />.,  Ueber  Cej/hala.'ipi-'i  Uoydii  und  lewisii 
(Haidinger’s  Xaturw.  Abbandl.  vol.  I.),  1847. — Kvnlh,  ,1.,  Ueber  I'tcra.yiis  (Zeitsclir.  deutsch. 
geol.  Ges.  vol.  XXIV.),  1872. — Lnnkestcr,  Ray,  and  Pmorie,  J.,  A .Monograidi  of  the  Pishes  of  the 
Old  Red  Sandstone.  1.  C'eiihalaspidae  (Mon.  Palaeont.  Soc.),  1868. — Ruenitr,  Ferd.,  Ueber  Palaeo- 
tenthis  dnnensis  (Palaeontogr.  vol.  IV.),  I8.06. — Tnaj((air,  R.  Jf.,  Report  on  Fossil  Pishes,  etc. 
(Trans.  Roy.  Soc.  Ediub.  vol.  XXXIX.  .No.-;.  21,  32|.  1899. 
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Cephalopterus, 

quadi’cangular, 


shire,  they  were  commonly  supposed  to  belong  to  sharks.  The  latter  discovery 
is  considered  by  Traquair  to  indicate  some  close  relationship  between  the 
Ostracophores  and  the  primitive  Selachii. 

Thelodus,  Ag.  (Qoelolepis,  Pachylepis,  Thdolepis,  Pander ; 

Powrie ; Turinia,  Traq.),  (Fig.  99).  Dermal  tubercles  small, 
and  nearly  uniform.  A small  dorsal  fin  near  base  of 
heterocercal  tail.  No  enlarged  ridge  scales.  T.  parvidens, 

Ag. ; detached  tubercles  in  Ludlow  Bonebed  and  Oesel 
Limestone.  T.  scoticus,  Traq.  ; complete  skeletons  in 
Upper  Ludlow,  Logan  Water,  Lanarkshire.  T.  pugei, 

Lower  Old  Eed  Sand- 


Powrie 


sp.  ; complete  skeleton, 
stone,  Turin  Hill,  Forfarshire. 

Lanarkia,  Traq.  Dermal  tubercles  are  small,  pointed, 
hollow  spines,  not  of  uniform  size.  L.  horrida,  Traq., 
and  other  species  represented  by  skeletons  in  the  Upper 

Beds  of  Birkenhead 


Fig.  00. 

Thclolhis  A”’ 


Dermal  tubercles,  nat.  size 
(above)aii(l enlarged.  Upper 
Silurian  (Ludlow  Bone  Bed) ; 
Ludlow. 


Silurian  Passage 


Burn  and 


Segg 


ieholm,  Lanarkshire. 
Family  2. 


Psammosteidae. 
Traquair. 

Dermal  armour  of  head  region 
more  or  less  completely  fused  into  large 
plates.  External  layer  of  each  dermal 
plate  forming  a tubercular  ornament. 
Dermal  sense  organs  not  penetrating  the 
tissue  of  the  armour.  Devonian. 

Psammosteus,  Ag.  (Placosteus, 
Ag.  ; Psammolepis,  Ag.).  External 
ornament  of  very  closely  arranged, 
rounded,  or  elongated  tubercles 
which  are  usually  crimped  round 
the  margin.  Orbit  probably  enclosed 
in  the  shield.  Paired  spines  (of  un- 
certain position)  broad  and  tri- 
angular, with  a large  internal  cavity 
and  short  base  of  insertion.  Large 
ridge  scutes  on  the  tail,  ornamented 
as  the  body  shield  and  paired  spines. 
P.  maeandrinus,  Ag.,and  P.  paradoxus, 
Ag.,  from  Upper  Devonian,  Piussia. 
/'.  taylori,  Traq.,  from  Upper  Old  Eed 
Sandstone,  Elgin.  Other  species  from 
the  Lower  Old  Eed  Sandstone  of 
west  of  England,  and  from  Upper 
Devonian,  Spitzbergen. 

Drepanaspis,  Schlilter  (Fig.  100). 
Head  region  covered  with  one  large 
median  plate,  two  postero  - lateral 
plates,  two  rostral  plates,  and  intervening  small  polygonal  plates.  Tail  as  in 
Psammosteus.  D.  gemuendenensis,  Schliit.,  from  Lower  Devonian,  Gemiinden,  Eifel. 


Fig.  100. 


Drepanaspis  gemuendenensis^  Schliiter.  Restored  out- 
line of  ventral  aspect,  surface  ornament  omitted.  Lower 
Devonian  ; Gemtinden,  Eifel.  m.Vj  Median  ventral  plate; 
p.?,  Postero-lateral  plates;  p.v.l,  Postero-ventro-lateral 
plates  ; r,  Rostral  plates  ; x’,  Orbits.  1/4  (after  Traquair). 
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Family  3. 


Pteraspidae.  Smitli  'Woodward. 


Jkrnud  imnour  of  head  rerilon  cnmplef(dn fused  info  large  plates.  External  lai/crof 
each  dermal  jdate  Jormiiig  an  ornament  of  verg  fine,  concentric,  closet g arranged  ridges, 
parallel  with  the  outer  'margin  ; middle  lager  tvifh  large  polggonal  rancellae.  Dermal 
sense  organs  tvell  develojird,  arranged  in  runcds  traversing  the  middle  lager  <f  the 

shield  and  opening  lag  a 
double  series  <f  pores  cx- 
ternallg.  Ventral  shield 
simple.  Tail  presumahlg 
hcterocercal,  and  scales 
<f  caudal  region,  when 
preserved,  numerous  and 
rhomhoidal.  Uj)per 
Silurian  and  Lower 
Devonian. 

Three  genera  of  this 

O 

famil}'^are  distinguished 
according  to  tlie  coni- 
l)lexity  of  the  dorsal 
shield.  Tlic  simple 
ventral  shield,  similar 
in  each  form,  Avas 
originally  mistaken  for 
dorsal  armour,  and 
named  Srajdiaspis  by 
Laidvester. 

Pteraspis,  Kner 
( Pcdaeotenfhis,  . / rrhaeo- 
teuthis,  F.  Koenicr), 
(Figs.  101-10.3).  Dor- 
sal shield  arrowhead- 
i central  disc  ; 


I'lf  rnsjiU  rostnilii,  .'<p. 

.Shi  ■ ■ 


01(1  Uc(l  Sandstone  (Cornstones) ; 


Ucrclonlshirc.  ,1,  Onrsal  .shield,  l/o  nat.  .size,  ivstoml.  /i.  Ventral  shiedd 
(>'(■((/, UniiUi.  A;;,  s]..),  % nat.  .size  (after  Hay  Lankester).  C,  Dorsal 
and  ventral  shields  of  /'hmsy/i.v,  lateral  as])ect,  restored  from  a siiecinien 
tound  ill  Oalieia  (after  Allh). 


shaped,  consisting  of  seven  separately  calcified  plates — a 1 


Kio.  IOl'. 

/'hiKsy.is  rn.UiiU".  Ar.  sp.  I’ieee 
of  shield,  nineh  nia^nilieil.  «,  Uji]ier, 
h.  Middle,  and  e.  Lower  layer  (after 
Hay  L.uike.ster). 


Flo.  103. 

/Vcrw/ii.s-  msh-nUt,  Ag.  .s]).  Vertical  .section  of  head 
•shiedd  iiarallel  with  a loiieitndinal  rib,  highly  mag- 
nilied  (after  Itay  Lankester). 


a triangular  rostral  plate  in  front ; a median  spine  behind  ; a p;iir  of  orbital 
plates,  completely  enclosing  the  orbit  on  either  .side,  and  partially  inserted 
between  the  rostrum  and  central  disc;  and  a pair  of  lateral  cornua,  each 
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pierced  by  a large,  apparently  branchial  foramen.  1\  rust rata,  Ag.  sp.  (Fig. 
101),  and  other  species  from  the  Lower  Old  lied  Handstone  of  England, 
Scotland,  Ehenish  Prussia,  and  Galicia ; also  from  the  LTpper  Silurian  of 
Galicia,  and  probably  from  the  Lower  Devonian  of  Spitzbergen. 

1‘alaeaspis,  Claypole  {Holaspis,  Lank,  non  Gray).  Dorsal  shield  a})parently 
simple,  without  posterior  spine ; orbits  merely  forming  notches.  P.  americana, 
Clay.,  from  Upper  Silurian  (Onondaga  Group),  Pennsylvania.  P.  sericea, 
Lank,  sp.,  from  Lower  Old  lied  Sandstone,  Monmouthshire. 

Ci/athaspis,  Lank.  {Dipluspis,  Matthew).  Dorsal  shield  consisting  of  a large 
central  disc  ; two  long  and  slender  lateral  cornua,  which  are  notched  anteriorly 
by  the  orbits  and  pierced  further  back  by  the  supposed  branchial  foramen, 
and  a short  and  broad  rostral  plate.  C.  hanksi,  Huxley  and  Salter  sp.,  from 
Upper  Silurian  (Ludlow  Bone-bed  and  Passage  Beds)  of  Herefordshire.  C. 
schmulfiy  Geinitz,  from  Wenlock  Limestone  of  Isle  of  Gotland.  Other  species 
from  corresponding  formations  in  Germany,  Galicia,  and  New  Brunswick. 
The  so-called  Scapluispis  ludensis,  Salter  sp.,  from  Lower  Tmdlow,  Leintwardine, 
probabH  belongs  to  this  genus. 

Order  2.  ANA.SPIDA.  Traquair.^ 

Tulercles  only  on  the  head  region,  not  fused  into  plates  ; the  calcifications  prohahly 
in  part  with  hone  cells.  No  paired  appendages. 

Family  1.  Birkeniidae.  Tracpiair. 

Externcd  ornament,  when  present,  tubercular.  Branchial  openings  « series  of 
small  perforations  latercdly  placed.  One  smcdl  dorsal  fin  ; tail  heterocercal.  Lli>per 
Silurian. 

Birkenia,  Traq.  (Fig.  104).  Trunk  irregularly  covered  with  deepened 


Birkenia  elefians,  Traq.  Restored  outline  in  side  view,  about  nat.  size. 

Upper  Silurian  ; Lanarkshire  (after  Traquair).  d,  Dorsal  tin. 

scales  ; a series  of  large  scutes  along  the  ventral  border.  B.  elegans,  Ti'aq. 
Upper  Silurian  ; Lanarkshire. 


Lasonius  2^rohhmatkus,  Traq.  Restored  outline,  about  nat.  size.  Upper  Silurian  ; ]>anarksliire. 
r,  Postcephalic  rods  ; r',  Chain  of  ossicles  ; v.s,  Ventral  .scutes  (after  Traquair). 

JMScmius,  Traq.  (Fig.  105).  Trunk  naked,  except  immediately  behind  the 

^ Traquair,  11.  II.,  Report  on  Fossil  Fislies  collected  Ijytlie  Geological  Survey  of  Scotland  in  the 
Sllnriati  Rocks  of  tlie  south  of  Scotland  (Trans.  Roy.  Soc.  Eilinb.  vol.  XXXTX..  with  o pis.),  1899. 
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head,  where  rudiments  occur  ; a series  of  large  scutes  along  the  ventral  border. 
L.  prohlemaficHS,  Traq.  Upper  Silurian  , Lanarkshire. 

Family  -2.  Euphaneropidae.  Smith  Woodward. 

yls  Birl'eniidae,  hut  no  series  of  hranchiul  openinr/s.  Upper  Devonian. 

Euphanerops,  Sm.  Wofxlw.  E.  lonriaerus,  Woodw.,  the  type  species,  is  the 
only  known  Ostracophore  which  displays  traces  of  the  axial  skeleton  of  the 
trunk.  Upper  Devonian  ; Canada. 

Order  3.  ASPIDOCEPHALI.  Brandt.i 
(Osteosfraci,  Lay  Lankester.) 

Exoskelefon  consistiiir/  of  ralcificafions,  parthj  idth  lone  cells  ; each  plate  in  the 
head  repion  comprisi)///  three  superposed  lai/ers — an-  inner  laminated  layer  with 
spindle-sha jied  hone  cells;  a relatirely  thick  middle  layer  of  polygonal  cancellae  which 
may  he  more  or  less  solid  though,  zvith  a coarse  reticulation  of  large  vascnlar  canals; 
also  an  outer  hard  layer  of  vaso-dentine.  Orhits  close  together.  Xo  paired 
appendages. 

Family  1.  Ateleaspidae.  Tiaquair. 

Head  shield,  rounded  or  tapering  in  front,  ahrvptly  tnnwated  hehind,  consisting 
of  loose  plates.  Body  covered-  with  guadrangular  scales  which,  are  deepened  on  the 
flank.  Tail  heterocercal . Upper  Silurian. 

Ateleaspis,  Tra(p,  from  the  Upper  Silurian  Passage  Beds  of  Seggieholm, 
Lanarkshire.  The  tubercles  of  the  head  region  are  fused  together  into  small 
plates.  The  genus  may  be  a link  between  the  I leterostraci  and  Osteostraci, 
l)ut  the  microscopical  structure  of  the  armour  agrees  wit!;  that  of  the  latter. 

Family  2.  Cephalaspidae.  Agassiz. 

Head-  shield  rounded  or  tapering  in  front,  ahruptly  truncated  hehind  ; interorhital 
piece  firmly  fixed  ; an  ornament  of  rounded  or  stellate  tuhercles.  Dermal  sense  organs 
leaving  no  impressions  on  the  exoskeleton.  Body  covered-  zvith  quadra.ngular  scales, 
which-  are  deepened  on  the  flank.  One  small  dorsal  fin;  tail  heterocercal.  Upjier 
Silurian  to  Uj)])er  Devonian. 

Cephulaspiis,  Ag.  {Eurephalaspis,  Ilemicyclaspis,  Zenaspis,  R.  Lank.),  (Figs. 


kki.  loa. 

CciihalaspU  liielli,  l.owcr  ( Mil  KimI  Samtstoiip  ; -\rbro.aUi,  Scotlaml.  ifo  iiat.  size  (after  liay  Lankester). 

106,  107).  Posterodateral  angles  of  shield  more  or  less  produced  into  pointed 
cornua,  external  to  a small  flexible  flap  on  each  side,  tvhich  is  stiffened  by 

* llu.rlei/,  T.  11.,  On  Ceplialasiiis  .anil  Pteraspis  (Quar.  Jouni.  Geol.  Soc.  vots.  XII.,  XIV.,  XVII.), 
1856,  18.58,  1861. — f.nnlx.'ih'r.  E.  II..  Tlie  Cepliala.spid.ae  (Monogr.  Palaeont.  Soc.),  1867-69. — 
Schendt,  Fricdr.,  Verlianill.  k.  ru.ss.  mineral.  Ges.  1873  ami  1886  ; ami  Bull.  Acad.  Imp.  Sci.  St. 
Petensli.  1894. — Rohon,  ./.  1'.,  Pie  obersilurisclien  Pi.sclie  von  Oe.sel  1.  (Mem.  Acad.  Imp.  Sci.  St. 
Petersb.,  .ser.  7.  vol.  X.XXVIll.),  1892  ; also  Bull.  Acad.  Imp.  1893. 
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bony  plates,  and  seems  to  represent  an  operculum.  Body  triangular  in  ti'ans- 
verse  section,  the  Hanks  covered  with  three  longitudinal  series  of  deepened 
scales,  the  middle  series  deejiest.  Ventral  scales  small.  Dorsal  fin  triangular, 
at  the  base  of  the  heterocercal  tail ; membrane  of  dorsal  and  anal  fins  stiffened 
with  very  small  calcifications  which  are 
arranged  in  parallel  rows  simulating  rays. 

C.  hjelli,  Ag.  (Fig.  106),  from  Lower  Old 
Red  Sandstone  of  Scotland  and  west  of 
England.  C.  magnifica,  Tracp,  the  largest 
known  species,  with  shield  measuring  0‘22 
m.  across,  from  Caithness  Flagstones. 

Other  species  from  Upper  Silurian  and 
Lower  Devonian  of  Scotland,  England,  and 
Canada.  One  species  (C.  laticeps,  Traq.),  from 
Upper  Devonian,  Scaumenac  Bay,  Canada. 

Eukeraspis,  Lank.  {Sclerodus,  Plectmlus, 

Ag.).  As  above,  but  posterior  cornua 
excessively  elongated,  and  a row  of  twelve 
large  “ marginal  cells  ” around  the  rim  in 
front.  The  detached  denticulated  cornua 
were  originally  mistaken  for  jaivs.  E. 
pustuUfera,  Ag.  sp.,  from  Upper  Silurian, 

Herefordshire. 

Thyestes,  Eichw.  (Auchenaspis,  Egerton). 
three  or  four  series  of  dorso-lateral  scales  fused  into  a continuous  plate 
immediately  behind  it.  Body  depressed,  ovoid  in  transverse  section.  Known 
species  very  small.  T.  verrucosus,  Eichw.,  from  LTpper  Silurian,  Isle  of  Oesel. 
So-called  Auchenaspis  from  Upper  Silurian  and  Lower  Old  Red  Sandstone 
Passage  Beds  of  Herefordshire. 

Family  3.  Tremataspidae.  Smith  Woodward. 

Head  shield  rounded  or  tapering  in  front,  fused  with  the  dorsal  body-shield,  which  is 
truncated  behind;  interorbital  piece  not  fixed.  Upper  Silurian  and  Lower  Devonian. 

Treniatasjns,  Schmidt.  Dorsal  shield  rounded  in  front,  gently  arched, 
without  cornua ; ventral  shield  simple.  External  surface  covered  with 
punctate  ganoine,  the  punctations  often  arranged  in  reticulating  lines ; 
superficial  tuberculations  almost  or  entirely  absent.  Two  pairs  of  large 
openings  laterally  placed  in  the  anterior  half  of  the  dorsal  shield  are  in- 
terpreted by  Smith  Woodward  as  occurring  in  the  roof  of  the  branchial 
chamber,  covered  over  during  life  but  ensuring  flexiljility.  Ventral  aspect 
immediately  behind  the  position  of  the  mouth  covered  with  a number  of 
symmetrically  arranged  polygonal  plates,  between  which  and  the  great  ventral 
plate  of  the  trunk  is  a transverse  series  of  nine  small  openings  on  each  side, 
probably  of  branchial  nature.  Tail  covered  with  rhombic  and  polygonal  scales, 
which  have  been  named  Dasylepis,  Dictyolepis,  Melittomalepis,  and  Stigmolepis 
by  Pander.  T.  schrenki.  Pander  sp.,  and  other  species  in  the  Upper  Silurian, 
Isle  of  Oesel,  Baltic  Sea. 

Didymaspis,  Lankester.  D.  grindrodi.  Lank.,  from  Lower  Old  Red  Sand- 
stone, Ledbury,  Herefordshire. 


Hea<l  sliieM  of  Ccpholnsjns  Jyclli,  Ag.  Lo^vel' 
Old  Retl  Sandstone  ; Herefordsliire  (aftei’  Laii- 
kester).  i/o. 


Head  shield  as  in  CephuJaspis,  but 
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Order  4.  ANTI  ARCH  A.  Cope.^ 

JUn'iinil  cii'iiiour  juicd  info  lar(ie  jihifes  on  the  head  and  abdominal  reijion.  Exo- 
sl'elefon  consistuKj  oj  ralcijimfions  wifh  hone  corjmscles,  and  invested  'with  a more  or 
less  continnous  lai/er  of  [lunoine.  Dermal  sense  orrjans  occupijing  open  e/rooves  on  the 
exosheleton.  JJorsul  and  ventral  shields  eonsisthuj  of  several  si/mmefricalli/  arranffed 
pieces,  and  the  head  artindated  with  the  trnnl\  Orbits  close  together.  A pair  of 
paddle-hke  pectoral  apipendages,  invested  in  'denned  gdcites,  articulated  with  the 
anterior  vent ro-hderal  plates  of  the  trunk.  Median  fins  not  continuous. 

Ihe  l)ony  plates  of  the  Antiarcha  consist  of  three  layers  ^vith  numerous 
bone  cells,  the  middle  layer  traversed  by  large  canals  and  lacunae,  while  the 
outer  and  inner  layers  exhibit  a more  coni])act  texture. 

P\uiiilv  1.  Asterolepidae.  'J’lacpiair. 

Exoskeleton  robust  and  tuberculuted . Dorsal  and  ventral  shields  of.  trunk  firmlg 
'united  laj  the  lateral  jdates.  Dderorbifal  piece  not  fixed.  A pair  of  piadille-like 
appendages,  c.onijiletel g encased  in.  dermal  jilates,  inorabhi  articulated  bij  a complex 
joint  icith  the  anterior  rent rodutcral  fdates  of  the  trunk.  Tail  hctcrocercal,  and  one 
small  dor.sal  fin.  Devonian. 

1‘lerichfhgs,  Ag.  (I’ferichthgodes,  Uleekei'),  (Figs.  lOS,  109).  From  .S  to  20 
.1  /;  c 


J't‘  i niilln-!.  Aj;.  lii-storation  from  abovj-  (.1).  l>olow  (/;),  ami  in  side  viow  ((').  Jjiwpr  Old  Kod  Sand* 

stom* ; Sfotland.  iVrlonil  a])i)en<lagcs  ; Articulation  : op,  operculum  ; orh,  Orbit  (after  Tratjuair). 

cm.  in  length,  with  a small  head,  which  is  rounded  in  front,  a broad  and  dee]) 
trunk  flattened  below,  and  a scaly  tail.  The  uj)])er  surface  of  the  head  is 

' I’amfrr.  V.  II..  Die  I’lacocleriiieii  des  devonisdien  Sy.stem.s.  St.  Petersburg,  1857. — Traqnair, 
li.  II..  Aim.  Mag.  Nat.  Hist.  ser.  ti,  vol.  II.  1888  ; aud  Mou.  Palaeoiit.  Soc.,  1894. 
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covered  with  four  pairs  of  lateral  plates  and  four  unpaired  median  plates, 
which  are  united  liy  straight  sutures.  On  the  lower  surface  the  cleft  for  the 
mouth  is  bounded  in  front  by  a pair  of  transversely  elongated  plates,  which 
are  sometimes  supposed  to  represent  the  upper  jaw.  Behind  the  cleft  a pair 
of  smaller  plates  occurs  fixed  to  the  front  of  the  alidominal  shield.  The 
trunk  is  armoured  above  by  two 
large  median  and  two  pairs  of 
lateral  plates  ; on  its  ventral  surface 
four  large  ventro-laterals  surround 
a small  rhombic  ventro  - median 
element.  The  ventro-laterals  are 
sharply  bent  upwards  and  outwards 
near  their  lateral  border  to  take 
part  in  covering  the  Hank.  Both 
the  head  plates  and  the  dorso-lateral 
plates  of  the  trunk  are  traversed  by 
sensory  grooves,  those  of  the  head 
being  united  by  two  parallel  com- 
missures. The  two  hinder  lateral 
■ plates  of  the  head  and  the  adjoin- 
ing body  plates  have  bevelled  edges, 
so  that  the  former  overlaj)  the  latter. 

The  anterior  median  dorsal  plate  of 
the  trunk  somewhat  overlaps  the 
lateral  plates,  and  is  overlapped 
behind  by  the  border  lioth  of  the 
posterior  dorso-laterals  and  of  the 
posterior  median  dorsal  plate.  The 
orbits  occur  at  the  two  ends  of  a 
transverse  cleft  on  the  ujiper  sur- 
face of  the  head,  and  are  sepai-ated 
by  a quadrangular  median  plate  {os 
dubintn  or  os  pineale),  which  exhibits 
a small  deep  pit  on  its  inner  face. 

The  two  anterior  ventro  - lateral 
j plates  of  the  trunk  are  provided  in 
side,  in  which  are  fixed  the  armoured 

latter  do  not  reach  the  hinder  end  of  the  body  shield,  and  exhibit  one  trans- 
verse articulation  (j)  at  about  their  middle.  The  tail  is  covered  with  thin, 
rounded,  or  six-sided,  overlapping  scales.  The  single  dorsal  fin  is  small. 
The  tail  is  heterocercal,  with  large  fulcral  scales  on  its  upper  border,  and  the 
fin  membrane  confined  to  the  lower  lobe.  P.  milJeri,  Ag.,  and  other  species 
represented  by  complete  bnt  usually  ill-preserved  examples  in  the  Lower  Old 
Red  Sandstone  of  Scotland.  Fragments  in  the  Middle  Devonian  of  the  Eifel. 

Asterolepis,  Eichw.  {Narcodes,  Odonfacanthus,  Ag.).  As  Idcrichfhi/s,  Imt  often 
larger,  and  the  anterior  median  dorsal  plate  overlaps  both  the  anterior  dorso- 
laterals  and  the  posterior  dorso-lateral  plates.  Chiefly  represented  by  detached 
plates  in  the  Devonian  of  N.-AV.  Russia  and  in  the  Upper  Old  Red  Sandstone 
of  Scotland.  More  doulitful  fragments  from  the  Devonian  of  Bohemia,  the 
Eifel,  East  Greenland,  and  Australia. 


Fig.  lU'J 

Pterichthifs  miUeri,  Ag.  ].iOwer  Old  Red  Sandstone ; 
Gainrie,  Scotland.  A,  S]>ecinien  in  nodule,  nat.  size. 
B,  Scale  enlarged  (after  Egerton). 

front  with  an  articular  hollow  on  each 
paddle-shaped  pectoral  appendages.  The 


58 


PISCES 


CLASS  I 


Microhrachius,  Traquair.  M.  dichi,  Traquair,  from  Lower  Old  Red  Sandstone, 
Caithness  and  Orkney. 

Bothriohpis,  Eichw.  {Pamphracfns,  Placothorax,  Homothorax,  Ghjptosteus,  Ag.). 
Armour  nearly  as  in  PterkJttJii/s,  but  the  pectoral  appendages  reaching  back- 
wards beyond  the  body  shield,  and  the  hinder  mucous  canal  commissure  on  the 
head  V-shaped.  Tail  unknown,  probably  not  scaly.  An  Upper  Devonian 
genus,  known  from  X.-W.  Russia,  Scotland,  Englaml,  Canada,  and  Penn- 
sylvania. Remarkably  fine  examples  of  the  armour  of  B.  canadensis,  AVhit- 
eaves,  0'20  m.  in  length,  from  Scaumenac  Bay,  Province  of  Quebec,  Canada. 

? Ceraspis,  Schliiter  ; Belem nacanthus,  Eastm.  Middle  Devonian  ; Eifel. 


• Inx'ert.ve  Sedis. 

Macropetcdichtlnjs,  Norwood  and  Owen.  Plates  of  cranial  shield  fused 
together  in  adult ; orbits  completely  enclosed  in  the  shield  ; sensory  canals 
forming  large  tubular  excavations  in  the  bone,  opening  at  the  external  surface 
by  a continuous  narrow  slit  or  a series  of  ])ores.  Jaws  and  other  parts  of 
the  skeleton  unknown.  ^liddle  Devonian  (Corniferous  Limestone);  U.S.A. 
Also  Upper  and  Lower  Devonian  of  Eifel. 

-Isferosfens,  Newl).  Known  only  by  the  flattened  and  elongated  cranial 
shield,  which  has  the  constituent  elements  fused  in  the  adult.  Orl)its  placed 
far  forwards  and  forming  broad  notches.  Corniferous  Limestone  ; Ohio. 


Sub-Class  3.  ARTHRODIRA.  Smith  Woodward. 

Idarhj  Palaeozoic  fishes  with,  persistent  notochord,  and  endoshekton  supcrjidally 
calcified.  Head  and  trank  armoured  with  siimmetricully  arranged  honij  plates,  some  of 
which,  are  traversal  by  sensory  groorcs ; head  shield  mnvahly  articulated  by  a pair  of 
ginglymoid  joints  with  the  body  shield.  Paired  fins  rudimentary  or  absent. 

The  Coccostean  fishes  were  originally  grouped  by  M‘Coy  with  Asterolepis 
and  Ptcrichthys  in  the  “family  Placodermi,”  and  they  are  included  by  Pander 
in  his  “ Placodermen.”  The  resemblance  between  their  jaws  and  those  of  the 
existing  Dipnoi  was  pointed  oiit  by  Newberry  and  Traquair;  and  they  were 
provisionally  regaided  as  an  order  of  Dipnoi  by  Smith  Woodward.  Doan 
elevates  them  to  the  rank  of  an  inde})endent  class,  removing  them  from  Pisces 
on  the  ground  that  their  jaw  elements  are  merely  dermal  ossifications,  and 
are  not  articulated  with  the  skull. 

Faiiiilv  1.  Coccosteidae.  Smith  WocKlward.’ 

Head  shield  comprising  three  pairs  of  lateral  plates,  one  large  median  occipital 
plate,  and  two  symmetrical  pairs  of  plates  in  front  of  the  latter,  the  foremost  pair 
surrounding  one  or  two  small  median,  plates.  Orbits  lateral ; nasal  openings  small 
a nd  far  forwards  ; dental  pjlates  movable,  toothless,  or  provided  tvith  cusps  of  dentine. 
Trunk  witli  a large  median  dorsal  plate  often  bearing  a longitudinal  median  keel  on 
its  under  surface  ; also  tv:o  pairs  (f  lateral  plates,  the  aiderior  tvith,  a pjair  of  articular 

' Traquair.  11.  II..  On  tlie  Stnictnre  of  Coccnstean  (lecipicns,  A".  (Ami.  Mag.  Nat.  Hist.  .ser.  6, 
vol.  V.  ]i.  125),  15!i0. — liran.  B..  Pal.aeontologic.al  Noti'S  {.Mem.  N.  Y.  Acad.  Sci.  vol.  II.  pt.  -3), 
1901. — Kastnarn.  C.  It.,  Some  new  points  in  Hinichthyid  Osteology  (Amer.  Nat.  vol.  XXXI 1.  p. 
747 1898. 
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processes  for  union  with  the  head  shield.  Ventral  body  armour  comprising  two  or 
three  pairs  of  lateral  plates  and  tivo  small  unpaired  median  plates.  All  external 
plates  more  or  less  tuherculated.  Dorsal  fin  small  ; anal  fin  unknown  ; tail  diphy- 
cercal  or  heterocercal.  Devonian. 

Coccosteus,  Ag.  (Liognathus,  Newb.),  (Figs.  110,  111).  Head  and  trunk 
broad,  the  dermal  plates  covered  with  stellate  tubercles.  Cranial  plates  united 
by  sutures,  not  fused.  Orbit  forming  a notch  in  the  anterior  part  of  the 
lateral  border  of  the  shield ; a bony  sclerotic  ring  present.  Besides  the 
“maxilla”  and  “premaxilla,”  one  or  two  inner  pairs  of  dentigerous  bones  also 

A U 


Fio.  110. 

Coaosteus  decijncns,  x\g.  I.eft  aiitero-clorso-lateral  plate  of  trunk,  inner  (^),  and  outer  (/>),  aspects. 

Lower  Old  Red  Sandstone  : Scotland. 

present  in  the  upper  jaw.  In  front  of  the  ventral  body  shield  occur  a pair 
of  transversely  elongated  slender  plates,  perhaps  representing  the  pectoral 
arch  ; a small  pectoral  spine,  but  never  any  traces  of  pectoral  fins  observed. 
Ribs  absent.  Dorsal  fin  short-based.  Tail  destitute  of  scales.  Nearly  com- 
plete but  imperfectly  preserved  skeletons  of  C.  decipiens,  Ag.  (Figs.  110,  111), 
occur  in  the  Lower  Old  Red  Sandstone  of  Scotland.  Fragments  of  other 


Fig.  111. 

Coccosteus  decipiens,  Ag.  Restoration,  i/o.  Lower  Old  Red  Sandstone  ; Scotland  (after  Suiitli  Woodward). 


species  in  the  Upper  Devonian  of  England,  Ireland,  Germany,  Russia,  and 
Canada.  Also  from  Corniferous  Limestone  (Middle  Devonian),  Ohio,  U.S.A. 

Brachydirus,  v.  Koenen.  Considered  by  von  Koenen  to  differ  from  Cocco- 
steus in  the  presence  of  a pair  of  hollow  spines  which  perhaps  represent 
pectoral  fins.  Tipper  Devonian ; Bicken,  Nassau. 

Phlyctaenaspis,  Traquair.  Lower  Devonian ; Canada,  west  of  England,  and 
Russian  Poland.  Acanthaspis,  Newb.  Lower  and  Middle  Devonian  ; U.S.A. 

Chel yophorus,  Ag.  Upper  Devonian  ; Russia. 

Dinichthys,  Newberry  (Fig.  112).  Very  large,  the  head  sometimes 
measuring  1 m.  in  length  and  0‘7  m.  in  breadth.  JMedian  occipital  plate  sub- 
triangular  with  prominent  median  process  behind ; lateral  occijiital  plates  with 
very  deep  articular  sockets  for  the  reception  of  the  process  on  the  antero-dorso- 
lateral  plates  of  the  body  shield.  Orbit  forming  a notch  as  in  Coccosteus.  Pre- 
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maxillae  and  symphysial  end  of  mandibular  bones  ■with  a pair  of  stout  cusps  or 
beaks,  and  the  trenchant  margin  behind  these  sometimes  toothed.  Median 
dorsal  plate  very  thick,  often  over  O'G  m.  long  and  broad.  Antero-dorsodateral 


])late  overlapped  by  the 
U])])ei’  Devonian  of  Iowa.  Wisconsin, 


arge  “ clavicnlai'.”  Several  .species  in  the  Middle  and 


Ohio,  New  York,  and  Canada;  others 
in  the  Devonian  of  the  Eifel, 
IJohemia,  and  Kussia. 

Tilunirlitinis,  Newb.  Cranial 
shield  very  large,  thin  and 
flattened,  arrangement  of  plates 
closelv  similar  to  that  of  Din- 


Fic.  113. 

iiiillt  rl.  Tnii].  Cranial  ami  ilorsal  sliielil,  i/,jnat. 
■aizi'.  1,'iwraOM  IU"1  .'^amlstolm  ; Caitliimas.  ,1 , /i,  C,  Cii ■ 
ili'tiTinincil  bum's  ; irrll,  Anli'rior  ilorso-latnral ; , Etlinioi<l ; 

I . ( Vntral ; < o,  Extarnal  ocni]iital  ; m,  .Maraitial ; mi/,  Meilian 
dorsal ; m".  Median  oi'oipital  ; n.  Orbit ; ju//.  I’ostarior  dur.so- 
latrral ; /i".  I’rcorbital ; ji/n,  I’osturbital.  Pineal  jjlate 
bi'biml  " ■•tlinmid  " or  rostral.  Tim  double  lines  indirate  the 
coiirsi'  ot  the  si'iisory  "roovrs  (aftiT  Traquair). 


ichthys. 
reduced, 
sheathed 
without 
keel,  deeply 
■Vntero-  and 


Jaw  elements  mueli 
edentulous,  probably 
in  horn.  Dorso-median 
inferior  longitudinal 
eniarginate  in  front, 
liostero-dorsodaterals 


an 


fused,  articulated  to  the  cranial 


shield  by  a 
lapjmd  by 
7'.  lunissizi, 
e.vpanse  of 


long 


hinge,  and  over- 


Caithness 


amt 


Orknev 


the  large  claviculars. 
X.,  has  a horizontal 
1 '9  m.  across  head- 
shield  and  claviculars.  Cleveland 
Shale  (Upper  Devonian);  Ohio. 

Jlowosfe/is,  Asmuss.  (Fig.  IIJ). 
Very  large  fishes,  broad  and  de- 
jiressed.  Orbits  completely  en- 
closed in  the  head  shield  ; jaws 
slender  and  toothless.  Median 
occipital  plate  antero-posteriorly 
elongated  ; median  dorsal  plate  of 
the  trunk  broader  than  long.  H. 
milleri,  Tra<p,  from  Lower  Old  lied 
Other  species  in  Upper  Devonian  of 


Sandstone, 

Livonia. 

ilcferosfetis,  aIsiiiuss.  Nearly  resembling  llomosleiis,  but  larger,  and  anterior 
dorso-latcral  body  plates  with  an  enormous  anteriorly  directed  process  which 
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clasps  the  head  shield  on  each  side.  II.  asmussi,  Ag.  sp.,  common  in  Upper 
Devonian  of  Livonia,  but  known  only  by  the  massive  detached  plates. 

Aspidichtlbijs,  Glyptaspis,  T rachosteus,  Newberry  ; Ammalkhthys,  v.  Koenen  ; 
Asteroplax,  Sm.  Woodw.  Devonian. 

Mi/lostuma,  Diplognathus,  Newberry  ; Selenosteus,  Sfeiiosteus,  Dean.  LTpjier 
Devonian  (Cleveland  Shale) ; Ohio. 

Most  of  the  genera  enumerated  on  this  and  the  preceding  page  are 
regarded  by  Dean  and  others  as  types  of  distinct  families. 

Sub-Class  4.  DIPNOI,  Miiller.^  Lung-fishes. 

Skeleton  partially  ossified,  with  numerous  well-developed  membrane  hones,  rteriiijo- 
(juadrate  arcade  conipletehj  and  immovahli/  fused  with  the  c.runium  ; rjill  clefts  feehln 
separated,  opening  info  a carity  covered  with  a bony  operculum.  Faired  fins  paddle- 
like,  with  a long,  segmented  cartilaginous  axis  {archipterygium  of  Gegenhaur)  ; tail 
diphycercal  or  heterocercal.  In  the  living  forms — optic  nerves  not  decussating,  hut 
forming  a,  chiasma,  bulhus  arteriosus  of  the  heart  with  numerous  valves,  intestine  ivith 
a spired  vedve,  and  air-hladder  lung-like. 

The  internal  skeleton  of  the  Dipnoi  is  chiehy  cartilaginous,  but  the  nj)per 
and  lower  vertebral  arches,  the  ribs  and  fin-supports,  all  exhibit  some  tendency 
towards  ossification. 

The  Dipnoi  dift’er  so  much  from  all  fishes,  in  the  modification  of  the  air- 
bladder  into  a single  or  doulrle  elongated  sac  with  numerous  cellular  sjiaces, 
which  serves  as  a lung  and  is  connected  1>y  a short  tube  with  the  anterior 
wall  of  the  gullet;  moreover,  in  the  peculiar  characters  in  the  structure  of 
the  heart,  in  the  presence  of  internal  narial  openings,  and  in  the  possession 
of  the  faculty  of  existing  for  a considerable  period  out  of  water,  that  they 
have  often  been  regarded  as  fish-like  Amphiliia  or  scaly  Sirens.  The  discovery 
of  the  “ Barramunda  ” (Ceratodus  forsferi)  in  the  rivers  of  Queensland  confirmed 
the  idea  of  their  relationship  to  the  Palaeozoic  Crossopterygians  previously 
suggested  by  Huxley.  Nevertheless,  they  are  distinguished  from  these  and 
from  all  other  Ganoids  and  Teleosteans  l:»y  the  autostylic  arrangement  of  the 
jaws.  They  are  divided  into  the  two  orders  of  Ctenodipterini  and  Sirenoidei. 

Order  1.  CTENODIPTERINI.  Pander. 

Cranied  roof  hones  small  and  numerous.  Fays  of  median  fins  very  fine,  much 
more  numerous  than  their  supports,  which  are  directly  apposed  to  the  vertebral  arches. 

Family  1.  Uronemidae.  Traquair. 

Upper  dentition  comprising  a duster  of  smcdl,  blunt,  conical  denticles  on  the 
palatine  hones;  lower  dentition  of  similar  denticles  on  the  spleniol.  Median  fuis 
continuous  and  tail  diphycercal.  Lower  Carboniferous  to  Lower  Permian. 

’ Ganther,  .1.,  Description  of  Ceratodus  (Pliil.  Trails,  vol.  CLXL),  1871-72. — Huxley.  T.  II.. 
Proo.  Zool.  Soc.  1876,  p.  24. — Miall,  L.  C.,  Moiiograjili  of  the  Sirenoiil  ami  Crossopterygiau  Ganoids 
(Palaeont.  Soc.),  1878. — Pander.  C.  II.,  Ueber  die  Cteiiodipterineii,  etc.,  des  devoiiischen  Systems. 
St.  Petersburg,  1858.  — Tixuiaair,  R.  //.,  On  the  genera  hipterns.  Palnedaphus.  Ilolodus.  ami 
Cheirodus  (Ann.  Mag.  Nat.  Hist.  ser.  4,  vol.  XVII.),  1878  (also  ibid.  ser.  5,  vol.  II.). — Teller,  F., 
Ueber  Ceratodus  sturi  (Abh.  k.k.  geol.  Reichsaiist.  Wien.  vol.  XV.),  1891. — Zittel,  K.  .1.  rou.  t'elier 
Ceratodus  (Sitzung.sb.  k.  bay.  Akad.  WUss.,  inath.-pliys.  Ck),  1886. 
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Uronemus,  Ag.  {Ganoprisioihis,  Traq.).  Body  laterally  compressed,  with 
small  and  very  thin  scales,  which  are  faintly  striated.  Paired  fins  acutely 
lobate.  Dorsal  fin  arising  shortly  behind  the  head.  U.  lohatns,  Traq.,  from 
Ijower  Carboniferous  (Calciferous  Sandstones),  Burdiehousc,  near  Edinburgh. 
Conchopoma,  Kner.  Lower  Permian  ; Rhenish  Prussia. 


Family  2.  Ctenodontidae.  Traquair. 

A pair  of  dental  plates  on  the  j^latine  hones,  and  an  opposinej  pair  on  the 
spleniads  ; these  plates  nsualhj  retaining  traces  of  their  component  denticles.  Jugidar 
plates  usually  present.  'Tail  diphycercal  or  heteroccrcal. 

Diptcrus,  Sedgw.  aiid  Murch.  {Catopterus,  Polyphractus,  Ag.),  (Figs.  114, 
115).  Small  fishes.  Bony  plates  of  head  covered  with  punctate  ganoine, 
but  cranium  apparently  quite  cartilaginous.  Base  of  cranium  covered  with  a 


I'ic.  H-). 

Dipteriiit  vif^funaincsi,  Sc(I;;\v.  and  Murch.  Restoration,  l/^nat.  size. 
Lower  ( )M  Itetl  Sandstone  ; Hanniskirk,  Orkney  (after  Pander). 


broad,  rhombic  parasj)henoid  (TSph),  which  is  flanked  on  either  side  by  a 
l)terygo-palatine  (T)  extending  forwards  into  a triangular  pointed  plate, 
which  serves  as  base  for  a large  triangular  tooth  (d)  bearing  tuberculated 

radiating  ridges.  The  two  palatine  bones  meet  in 
the  middle  in  a straight  line.  The  mandible  is  com- 
pletely ossified,  with  a single,  large  dental  plate  on 


/D'/Ari/x  tvd*' ///•//’« S<‘d{.;w.  ainl  M.  Lower  Old  Red  JSainlstone  : Ranniskirk.  A,  Roof  of  skull.  />,  Tin- 
]>erfect  palate  Parasplicnoid  ; /’,  Pterygo- j)alatine,  accidentally  divided  into  two  pieces  behind  by  a 

ijrokeii  line  ; (/,  Palatine  tooth).  (\  Imperfect  mandible  with  tooth  (d),  after  Pander), 


the  splenial  of  each  side,  and  its  tuberculated  ridges  radiating  fan-like  from 
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within  outwards.  Two  pairs  of  jugular  plates.  Paired  fins  acutely  lobate, 
the  pelvic  pair  remote  and  opposed  to  the  anterior  of  the  two  dorsal  fins ; 
anal  fin  opposite  the  posterior  dorsal ; tail  heterocercal.  Trunk  and  fins 
covered  with  thick,  deeply  overlapping  scales,  which  are  nearly  rhombic  in 
their  exposed  portion  and  invested  with  jmnctate  ganoine.  Complete,  but 
mostly  flattened  and  distorted  examples  of  Diptenis  are  not  uncommon  in  the 
Lower  Old  Red  Sandstone  of  Northern 
Scotland.  Dental  plates  very  abundant 
in  Middle  and  Upper  Devonian  of  central 
and  eastern  United  States. 

Scaumenacia,  Traq.  Upper  Devonian  ; 

Canada. 

Phaneropleuron,  Huxley  (Fig.  117). 

Upper  dental  plates  triangular,  with 
straight  and  crenulated  radiating  ridges. 

Long  dorsal  fin  continuous  with  the 
caudal,  but  small  anal  fin  separate. 

Scales  very  thin  and  cycloid,  marked 
with  delicate  radiating  striae.  F.  aiider- 
soni,  HuxL,  known  by  well-preserved 
specimens  from  Upper  Old  Red  Sand- 
stone, Fifeshire. 

Palaedaphus,  van  Beneden  {lleliodus, 

Newb.),  (Fig.  118).  Only  known  by  pig.  iie. 

mandible  and  detached  dental  plates.  In 

P.  insignis  van  Ben.  and  de  Koninck,  each  Xewsliam,  Xortlramberiaml  (after  Hancock-  aii.i 
•1  Till.  • r\  -I  f-r  Attliey).  Oral  surface  of  teetli  really  concave. 

lower  dental  plate,  measuring  0’17  m. 

in  length,  bears  four  smooth,  obtuse  radiating  ridges.  Upper  Devonian ; 
Belgium  and  Pennsylvania. 

Conchodus,  M‘Coy  ; Synthetodus,  Eastman.  Devonian. 

Ctenodus,  Ag.  (Fig.  116).  Hinder  border  of  cranial  roof  with  one  median 
occipital  plate,  with  a pair  of  plates  immediately  adjoining  in  front.  Dental 


ctenodus  tuherculatus.  Attliey.  * Pterj-go-palathn* 
with  palatal  teetli,  1/3  nat.  size.  Coal  Measure.s  ; 


Fig.  117. 

Phaneropleuron  andersoni,  Huxley.  Upper  Old  Red  Sandstone  ; Dura  Den,  Fifeshire. 
1/3  nat.  size  (after  Page). 


plates  with  numerous  tuberculated  or  crenulated  radiatinu  ridues. 
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and  anal  fins  continuous  Avith  the  caudal,  wliicli  is  diphycercal ; scales  very 
large  and  thin,  vithout  a gamnne  layer,  almost  quadrate  in  shape,  but  with 

rounded  angles  ; marked  more  or  less 
distinctly  with  reticidutions,  as  in 
Cerafoilus.  Dental  plates  common 
in  the  Carboniferous  of  Europe 
and  Xorth  America  ; fine  portions 
of  skeleton  in  the  English  Coal 
Measures. 

Soi/enodas,  Owen  (Mcgapleuron, 
Gaudry;  J‘l  iioiiodus,  Coj)e).  As 
Ctenodna,  but  dental  plates  with  fewer 
ridges,  and  median  occi])ital  plate 
with  another  unpaired  ])late  im- 
mediately in  front  of  it.  Scales  and 
dental  plates  common  in  the  Carboni- 
ferous and  Lower  Permian  of  Europe 
and  Xoi  th  America  ; fine  skeletons  in 
the  Ijower  Permian  of  Pohemia  and 
France. 

Order  2.  SIRENOIDEI. 

Cnniial  roof  hones  large  and  few.  Hags  <f  media n Jins  rerg  fine,  much  more 
numerous  fhau  their  su/ijjurts,  tchich  arc  direcllg  a/gmsed  In  Hie  rerfehral  arches. 

bkunily  J.  Lepidosirenidae. 

-/  pair  of  denial  plates  on  the  palatine  hones,  ami  an  opposing  pair  on  the 
spleniais ; (dso  a pair  of  small  cutting  teeth  on  the  miner.  Jugular  plates  ahsent. 
Median  jin  continuous,  and.  tail  dijdi  gee  real.  Ilodg  corered  with  thin,  elastic,  cgcloid 

scales  without  a.  hong  basis.  Triassic  to  Pecent. 

Of  the  three  genera  referable  to  this  family,  Lejiidosiren  lives  in  the  tropical 
swamps  of  South  America,  rrotopterus  in  those  of  Africa,  and  Ceratodus  in  the 
rivers  of  (^>ueensland. 

Ceratodus,  Ag.  (Fig.  119),  is  covered  with  large,  thin  cycloid  scales;  the 
dor.sal  and  anal  fins  are  continuons  with  the  diphycercal  caudal.  The  jAectoral 
and  pelvic  fins  are  fringed  with  mend)i’ane  stifi’ened  by  fine  rays.  The  upper 
vertebral  arches,  spinous  processes,  ribs,  and  fin  su])])orts  are  encased  in  thin 
t)ony  sheaths.  The  Hattencd  roof  of  the  skull  consists  of  two  large  median 
[)lates,  one  behind  the  other,  and  two  ])airs  of  lateral  plates.  On  the  lower 
side  of  the  chondrocranium  there  occurs  the  long  paras])henoid  (PSph),  with 
its  rhombic  anterior  expansion  flanked  on  either  side  by  the  pterygo-palatines 
(Id).  The  latter  bones  meet  in  a median  sntiire  in  front,  and  each  bears  a 
large  triangular  dental  plate  (</),  with  radiating  ridges.  The  vomerine  carti- 
lage (Ho)  bears  a j)air  of  sharp,  chisel-shaped  teeth  (df.  On  the  sj)lenial  of 
each  ramus  of  the  mandiltle  there  is  also  a dental  plate  with  deep,  radiating 
ridges.  The  opercula,  sub-opercida,  hyoid  bones,  and  branchial  arches  are 
ossified  ; the  ipiadrate  remains  cartilaginous. 

In  the  living  Ceratodus  ( Epiceratodus,  Teller),  the  uj)per  and  lower  dental 


u 


rnhtcilojihiis  hiKieitiiSf  vaii  Uenp'U‘11  ami  d«^  Kuniiick. 
( iiipcrlVyt  iiian<li))i(‘,  J/4  nut.  size.  Devonian; 

Tooth;  Dt'iitary  ; Splonial ; ?/,  l.atcral  fossa 
(aftt*r  Tra<iuair). 
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plates  bear  six  ridges  radiating  out^vards.  The  corresponding  plates  occurring 
in  the  Trias,  namely,  in  the  bone  beds  of  the  Muschelkalk,  Lettenkohle,  and 
Rhaetic,  are  distinguished  by  their  larger  size  and  a different  numlier  of  ridges. 
As  a rule,  the  upper  dental  plates  exhibit  five,  the  lower  ones  only  four 
radiating  ridges.  The  oldest  known  species  (C.  arenaceus,  Quenst.)  was 


Fig.  lui. 


Cew.todus  forsteri,  Krettt.  ' Lateral  aspect  offish  (-.-1),  base  of  skull  (B),  and  mainlihle  (C).  Recent ; Queens- 
land. Br,  Branchial  cavitv  ; c.  Foremost  rib  ; d,  Teeth  ; na,  Xasal  openings  ; Parasphenoi«l  ; I'f,  Pterygo- 

palatine ; Qu,  Quadrate  ; To,  Vomer  (after  Giinther).  D,  Ceratodu^  Icanpi,  Ag.  Mandibular  tooth  on  bony  base, 
1/3  nat.  size.  Lettenkohle  ; Iloheneck,  near  Ludwigsburg. 

obtained  from  the  Bunter  Sandstone  of  Wiirtemberg  ; the  latest,  which  are 
the  smallest,  are  discovered  in  Europe  in  the  Bathonian  of  Stonesfield  and 
Northampton,  England,  in  North  America  in  the  Upper  Jurassic  of  Colorado. 
Other  examples  occur  in  the  Kota-Maleri  beds  of  India,  in  the  Karoo 
Formation  of  South  Africa,  and  in  later  deposits  in  Patagonia.  A well- 
preserved  skull  of  C.  sfuri  has  been  described  by  Teller  from  the  Upper 
Keuper  of  Polzberg,  near  Eunz,  in  Lower  Austria. 


Sub-Class  5.  GANOIDEI.  Agassiz.^  Euamel-.scaled  Fishes. 

Trunk  and  tail  umalhj  covered  with  ganoid  scales,  rarel//  naked  or  with  honi/ 
plates.  Skull  covered  with  dermal  hones,  or  completehj  ossified;  ptenjgo-guudrate 
arcade  movablij  articulated  with  the  cranium  {hyostijlic) ; gill  clefts  feeblg  separated, 
opening  into  a cavity  covered  with  a bony  operculum.  Vertebral  column  cartilagiaons, 
or  with  various  degrees  of  ossification.  Fin  rays  articulated,  amt  fulcra  usually 

^ Coyje,  E.  I).,  Trans.  Ainer.  Phil.  Soc.  vol.  XIV.  1871,  p.  445  ; anil  Ainer.  Nat.  vols.  XIX., 
XX.,  XXL,  XXIII.  (1885-89). — Huxley,  T.  II.,  Preliminary  Es.say  upon  the  Systematic  Arrange- 
ment of  the  Fishe.s  of  the  Devonian  E])Och  (Mein.  Geol.  Snrv.  dec.  X.),  1861. — Kner,  R.,  Betraeli 
tungen  iiber  die  Ganoiden  als  natiirliche  Ordnnng  (Sitznngsb.  k.  Akad.  Wi^s.  Wien,  math.-natnrw. 
Cl.  vol.  LIV.),  1866.  — Liitken,  Che.,  Ueber  die  Begrenzung  nnd  Eintheihing  tier  Ganoiilen 
(Palaeontogr.  vol.  XXII.),  1868. — Midler,  Joh.,  Uelier  den  Ban  nnd  die  Grenzen  der  Ganoiden 
(.Abhandl.  k.  Akad.  Wiss.  Berlin.  1834),  1836.  — Traquair,  R.  II..  The  Ganoid  Fi.shes  of  the  British 
Carboniferous  Formations.  I.  Palaeoni.seiilae  (Palaeont.  Soc.),  1877,  No.  2.  1901. — C..  Quelques 

Observations  qni  .servent  a la  Classitication  des  Ganoides  (Ann.  Sci.  Nat..  Zool.  ser.  3,  vol.  IV.l. 
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present,  retired  Jins  well  developed  ; tail  diplujcercal,  heterocercal,  or  hcmi-heferocercal. 
In  the  lirinfi  forins — njitic  nerves  not  conipletehj  dernssating  but  forming  a chiasma, 
halbns  arteriosus  of  the  heart  with,  numerous  valves,  intestine  tvith  a spiral  valve,  and 
air-bladder-  vonneeted  lag  a tube  tvith  the  gullet. 

When  founding  the  “ order  ” of  Ganoids,  Agassiz  paid  attention  exclusively 
to  the  dermal  skeleton,  and  included  under  this  denomination  all  fishes  with 
scales  which  consisted  of  a bony  lower  layer  and  a superficial  covering  of 
enamel. 

.lohannes  Muller  first  attempted  to  define  the  Ganoids  from  anatomical 
characters.  After  the  removal  of  the  Plectognathi,  Lophobranchii,  and  Siluroids 
recognised  as  true  bony  fishes,  and  after  the  assignment  of  Lepidosiren  to  the 
Dipnoi,  there  still  remained  as  true  Ganoids  a large  number  of  recent  and  fossil 
fishes,  which,  according  to  Johannes  Miiller,  formed  a distinct  sub-class  between 
the  Selachii  and  the  bony  fishes.  While  the  condition  of  the  muscular  bidbus 
arteriosus,  the  incomplete  decussation  of  the  oj)tic  nerves,  and  the  spiral  valve 
in  the  intestiiie  agree  with  the  former,  the  arrangeTiient  of  the  head  bones,  the 
structure  of  the  fins,  and  usually  also  the  ossification  of  the  skeleton,  are 
.suggestive  of  the  bony  fishes.  After  C.  Vogt  had  recognised  in  the 
anatomical  structure  of  Amia  a true  Ganoid,  with  thin  elastic  cycloid  scales 
and  a completely  ossified  skeleton,  the  line  of  demarcation  between  the 
Ganoidei  and  Teleostei  seemed  t(j  have  been  absolutely  destroyed.  Kner, 
Thiolliere,  Owen,  and  more  recently  Coj)e  aiul  Smith  Woodward  have  ventured 
still  further,  suppressing  the  Ganoidei  as  a separate  group,  and  uniting  its 
members  with  the  Teleostei  under  the  general  denomination  of  Teleostorni. 

The  most  conspicuous,  even  if  not  the  distinctive  feature  of  the  Ganoids, 
consists  in  their  dermal  covering.  No  other  sub-class  of  fishes  possesses  scales 
which  consist  of  a thick  bony  innei'  layer  and  an  outer  enamel  layer.  In  no 
other  group  is  there  a union  of  scales  by  peg-and-socket  articulations,  such  as 
is  characteristic  of  the  rhombic-scaled  Ganoids.  There  are,  however,  ganoid 
scales  of  rounded  form,  which  overlap  each  other  exactly  like  cycloid  and 
ctenoid  scales,  and  which  are  sometimes  not  perceptibly  thicker  than  the 
latter;  but  these  rounded  scales  (Caturus,  Megalurus,  Macrorhijns,  .^Itnia)  exhibit 
beneath  the  enamel  covei  ing  an  inner  layer  with  bone  cells,  though  sometimes 
its  thickness  is  excessively  reduced.  The  Spatularias  are  characterised  by 
the  complete  absence  of  scale.s,  excej)t  on  the  upper  lol)e  of  the  tail ; in  the 
Sturgeons  the  liody  is  partly  covered  with  large  bony  plates. 

The  structure  of  the  internal  skeleton  of  the  Ganoids  is  of  special  interest, 
notably  that  of  the  vertebral  cT)lumn.  In  some  Chondrostei  (Acipenser)  the 
vertebi'al  axis,  with  its  arches  and  spines,  remains  completely  cartilaginous  ; but 
in  Spatularia,  the  older  ('rossopterygii,  almost  all  Ileterocerci  and  Pycnodonts, 
and  pai’t  of  the  Le[)idostei,  there  is  a partial  or  complete  ossification  of  the 
arches,  spinous  processe.s,  and  supports  of  the  median  fins,  this  beginning  at 
the  surface  and  extending  inwards,  so  that  a cartilagiiious  core  is  usually 
surrouniled  by  a hollow  bony  cylinder.  These  are  termed  “naked  vertebrae” 
(Xarktwirbel),  (Fig.  120),  in  contradistinction  to  the  so-called  “ hemi-vertebrae  ” 
(Ilalbwirbel),  and  “ring  vertebrae”  (Ihddwirbel).  In  the  first  (Fig.  121)  there 
develops  l)elow  the  notochord  a horseshoe-shaped  bony  plate  (hypocentrum, 
intercentrum),  to  which  the  haemal  arches  in  the  caudal  region  are  fixed  ; the 
upwardly  directed  side-])ieces  of  these  hypocentra  are  mostly  attenuated  and 
])ointed.  The  vertebral  centrum  proper  is  represented  by  a pair  of  lateral 
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bony  plates  (pleurocentra),  which  are  usually  pointed  below  and  frequently  fused 
together  dorsally,  thus  forming  a second  horseshoe-shaped  half-ring.  According 
to  their  size  the  hypocenti'a  and  pleurocentra  more  or  less 
completely  surround  the  soft,  unsegmented  notochord. 
\\  \\  Sometimes  when  the  upper  and  lower  lateral  pieces  do 

not  taper  but  continue  of  uniform  width,  and  meet  together 


£ S 


hijL 

I' 


Fig.  1:20. 


Two  cautial  vertebrae 
of  Pycnodius  plotessus, 
Ag.  (after  Heckel). 


Vertebrae  of  Exthynotus  (.1),  and  Catunu^  Ag.  (E).  <\  Rib; 

/iy<\  Hypocentrum ; n,  Neural  arcli ; p,  rarai)oi)hy.sis ; ylc,  Pleuro- 
ceiitrum  ; i<p,  Cleft  neural  spine. 


dorsally  and  ventrally,  they  form  two  half-rings,  which  completely  enclose  the 
notochord  (Fig.  121).  In  many  genera  (Etiri/curmus)  the  anterior  abdominal 
region  consists  of  half  vertebrae,  while  the  caudal  region  consists  of  ring 
vertebrae,  which  are  composed  of  two  halves  (Fig.  122).  By  the  comj)lete 
fusion  of  the  two  half  rings,  there  arise  simple,  sheath-like  ring  vertebrae 
(Fig.  122).  In  the  Amiidae  the  vertebral  centra  of  the  abdominal  region 


.1  /; 


Fia.  1-22. 


-f,  Caudal  vertebrae  of  Enrycormus  speciosun,  Wagn.  71,  Verti*- 
brae  of  Amiacalva,  Linn.  From  anterior  part  of  caudal  region. 
h,  Haniial  arch;  hyc,  Hypocentriun  ; n,  Neural  arch;  pic, 
Pleurocentruin. 


Fig.  vis. 

Aspldoihynchus,  sp.  Caudal 
vertebrae,  each  bearing  a 
neural  and  haemal  arch. 


are  completely  ossified  and  amphicoelous,  while  some  of  those  of  the  caudal 
region  are  still  divided  into  two  halves,  which  correspond  with  the  hypo-  and 
pleuro-centra  of  the  Lepidostei  (Fig.  122,  B). 

The  complete  ossification  of  the  vertebral  column,  as  in  the  bony  fishes,  is 
observed  only  among  the  latest  representatives  of  the  Ganoids,  namely,  the 
Polypteridae  and  the  Lepidosteidae.  Among  the  latter,  moreover,  the  verte- 
bral centra  are  only  concave  behind,  convex  in  front  (oj)isthocoelous). 

The  hinder  end  of  the  vertebral  column  is  always  produced  into  the  caudal 
fin.  The  true  diphycercal  condition  (see  p.  8)  constantly  persists  in  some 
Crossopterygians  (Coelacanthidae)  and  Chondrosteans  (Belonorhynchidae).  In 
most  Crossopterygians  the  caudal  fin  is  hetero-diphycercal,  that  is,  the  vertebral 
column  extends  straight,  but  the  rays  of  the  upper  lobe  of  the  fin  are  more 
delicate  and  shorter  than  those  of  the  lower  lobe.  True  heterocercy  and 
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hemi-heterucernj  (iiiteriuil  heteiocerc}',  external  homocercy,  see  p.  10)  are  very 
common. 

In  many  Ganoids  the  unpaired  fins,  and  sometimes  also  the  paired  fins,  arc 
fringed  on  the  anterior  border  with  the  so-called  fulcra — scale-like  spines  or 
plates  covered  with  enamel,  which  are  serially  arranged  and  partly  overlap 
one  another.  All  the  fin  rays  consist  of  two  (right  and  left)  halves,  and  are 
transversely  jointed,  usually  also  branched  distally. 

Like  the  vertebral  column,  the  skull  also  exhibits  very  variable  degrees  of 
ossification.  In  the  cartilaginous  Ganoids  this  is  almost  exclusively  confined 
to  a number  of  investing  plates  on  the  cranial  roof  and  the  basicranial  axis. 
The  pterygoid  and  palatine  bones  are  still  fused  together  ; the  mandible  and 
parts  of  the  hyoid  apj)aratus  are  ossified  ; the  opercular  aj)paratus  is  feebly 
developed.  In  the  Crossopterygii,  Ileterocerci,  and  Lepidostei  the  ossification 
closely  resembles  that  of  the  Teleostei,  while  the  number  and  arrangement  of 
the  several  bones  agree  essentially  with  the  corresponding  features  in  some  of 
the  least  specialised  members  of  the  latter  sub-class. 

In  the  structure  of  the  ])ectoral  arch,  and  especially  of  the  anterior  limbs, 
the  various  orders  of  Ganoids  exhil)it  consideralde  difl'erences,  and  represent 
intermediate  links  between  the  Dipnoi,  Selachii,  and  Teleostei.  In  the 
Crossopterygii,  Chondrostei,  and  Ileterocerci  the  clavicle  still  consists  of  three 
separate  membrane  bones  ; while  in  the  Lepidostei  and  Amioidei  the  lower 
segment  (infraclavicle)  is  completely  fused  with  the  clavicle.  The  small 
structures  behind  and  within  the  clavicle,  corresponding  with  the  scapula, 
coracoid,  and  precoracoid  remain  cartilaginous  in  the  Chondrostei,  probably 
also  in  the  fossil  Crosso])terygii ; in  the  remaining  Ganoids,  on  the  other  hand, 
they  are  ossified  exactly  as  in  the  Teleostei.  Moreover,  with  reference  to  the 
position  and  number  of  the  basal  suj)ports  in  the  pectoral  fins,  most  Ganoids 
agree  with  the  bony  fishes  ; the  earlier  Crossopterygii  alone  i)ossessed  a 
segmented  cartilaginous  axis,  with  biserial  radialia,  as  in  the  Dijmoi. 

Besides  the  anatomical  characters  in  the  dermal  covering  and  the  internal 
skeleton  there  are  still  others  indicating  that  the  Ganoids  are  a natural  grou]) 
of  fishes.  For  example,  the  somewhat  elongated  muscular  base  of  the  principal 
artery  (bulbus  arteriosus)  is  provided  internally,  as  in  the  Selachii,  with  several 
rows  of  valves,  which  prevent  the  return  of  the  blood  from  the  artery  to  the 
auricle  of  the  heart.  The  gills,  on  the  other  hand,  as  in  the  Teleostei,  always 
lie  free  under  an  operculum,  which  tisually  consists  of  several  bony  plates. 
Again,  by  the  possession  of  a spiral  valve  in  the  intestine,  as  well  as  in  the 
structure  of  the  urinogenital  S3’stem,  the  Ganoids  aj)proach  the  Selachii  more 
closely  than  the  Teleostei;  on  the  other  hand,  they  all  possess  an  air-bladder 
opening  into  the  gullet,  and  also  ])roduce  numerous  small  eggs.  By  the 
complete  decussation  of  their  oj)tic  nerves,  the  Teleostei  are  distinguished  from 
the  Ganoidei,  in  vdiich  the  branching  optic  nerves  form  a so-called  chiasma. 

The  Ganoids  exhibit  their  greatest  development  in  Palaeozoic,  Triassic, 
and  Jurassic  formations  ; and  from  the  base  of  the  Cretaceous  system  upwards 
they  become  more  and  more  replaced  by  the  bony  fishes.  The  few  still 
existing  Ganoids  live  either  exclusively,  or  at  least  i)artly,  in  fresh  water, 
while  the  large  majority  of  the  fossil  forms  occur  in  j)urely  marine  deposits. 
As  a rule,  only  the  Tertiary  Ganoids  occur  in  freshwater  formations. 

The  Ganoidei  maybe  divided  into  five  orders  : — (1)  Crossopterygii;  (2) 
Chondrostei;  (3)  Ileterocerci  ; (4)  Lepidostei ; (5)  Amioidei. 


SrB-CLASS  V 


GAXOIDEI 


G9 


Order  1.  CROSSOPTERYGII.  Huxley.  Fringe-finned  Ganoids. 

Notochord  persistent  or  vertebrae  ossified.  Tail  diphi/cercal  or  hetero-diphycercul. 
Iiifraclavide  present.  Paired  fins  with  a scaly  axis  fringed  on  both,  sides  by  dermal 
rays.  Branchiostegal  apparatus  between  the  rami  of  the  mandible  consisting  of  a 
pair  of  large  jugular  plates,  these  in  many  Palaeozoic  genera  fianhed  by  a series  of 
.small  lateral  jugulars  and  an  anterior  median  plate.  Ganoid  scales  rhombic  or 
cycloidal,  completely  covering  the  trunk  and  tail. 


Family  1.  Holoptychiidae.  Traqiuiir. 

Body  covered  with  imbricating,  cycloidal  ganoid  scales.  No  ossified  vertebrae. 


Holoptychias  nobilisoiiiins,  I’piter  ( )M  Red  Sandstone  ; Scotland  (restoration  after  Huxley 


Pectoral  fins  cccutely  lobate.  Two  dorsal  fins  and  one.  anal  fin,  each  borne  by  a single 
j distally  expanded  support  (axonost),  followed  by  one  or  two  rows 

of  short  basal  pieces  {baseosts),  which  snjrport  the  very  numerous, 


Scale  of  HolopUicliius 
{Glyptolepis).  Outer 
(A),  and  inner  (B) 
aspect.  Old  Red  Sand- 
stone : Wik,  Russia 

(after  Pander). 


Fro.  120. 

Deiulroi.lHS  hiporcatus,  Ag.  Tooth  in  si<le  view  (.1),  and  from  below  (B),  nat.  size, 
and  transverse  section  of  the  same  (C),  highly  inagnitied  (after  Pander). 


fine,  dermal  fin  rays.  Lateral  jugular  plates,  clavicle,  and  infraclavicle  present. 


70 


risc?:s 


CLASS  I 


Head  and  branchial  re/iion  covered  with  enamelled  dermal  bones.  Teeth  numerous, 
acutely  conical,  arranged  on  the  border  of  the  jaws  : enlarged  laniary  teeth  in  a 
second  inner  series  on  several  separate  splenial  bones.  The  teeth  distinguished  by  a 
very  complicated , meandering,  folded  structure  (dendrodont).  Devonian. 

The  only  satisfactorily  known  genus  referable  to  this  family  is  llolojitychius, 
Ag.  {Glyptolepis,  Platygnaihus,  Ag.),  (Figs.  124,  125),  from  the  Old  lied  Sand- 
stone of  Scotland,  England,  and  Ireland,  and  from  the  Devonian  of  N.-AV. 
Russia,  Bohemia,  Belgium,  the  Eifel,  the  United  States,  Canada,  and  Green- 
land. Several  sjrecies  attain  a large  size.  Detached  teeth  have  been 
described  as  Dcndrodus,  Owen  (Fig.  12G);  Lamnodus,  Ag.  ; and  Apiedodus, 
Leidy. 

Family  2.  Rhizodontidae.  Traquair. 


Closely  resembling  preceding  family,  but  both  paired  fins  with  a short,  obtuse  lobe. 
Teeth  few  and  conical,  with  a tvell-defned  pulp  cavity,  the  wall  of  tvhich  is  radiately 


1-2T. 

lihlzodiis  hihhrrti,  A'^. 

Tootle 

Lower  C’:irboiiir*‘r(»us 

Ivlinbumb. 

folded  in  the  lower  part  if  the  crown. 
Usually  several  tooth  -hearing  splenial 
hones  on  the  inner  side  of  the  mandible. 
I )evonian.  Carboniferous,  and  Lower 


Permian. 

Ithizodns,  Owen.  {Megalichthys,  Ag. 
p.]).),  (Fig.  127).  A"ery  large,  incom- 
pletely known  fishes  with  rough, 
rugose  cycloidal  scales.  Infraclavicle 
with  a long  ujjwardly  directed  process. 
Teeth  smooth,  compressed  to  a sharj) 
ed>te  in  front  and  behind.  It.  hibberti, 


Jihizntlopsi<  spinroidcs,  WilliaiiiMOii  8)>.  Outlinf^  ro- 
stonitioiis  of  liead  and  opercular  api»aratns  from  the 
upper  (J),  lower  (/.'),  aiul  lateral  (6‘)  aspects,  about  V2 
nat.  size.  U])per  Carboniferous ; Siatfordshire.  ay, 
An^Milar;  d,  Dentary;/,  Frontal  ; n/,  Infradentary; 
j,  Principal  ^ular(,junular) ; //,  Lateral  j'ular  (.jugular) ; 
wj,  Mefiian  gular  (.jugular);  mn,  Mandible;  nut, 
Maxilla;  op,  Operculuni ; or,  Orbit;  ]•/,  Postfrontal; 
jimjr,  l^remaxilla  ; pop,  Preoperculuin  ; jm,  Parietal  ; 
so,  Suborbital ; so)i,  Suboperculuni  ; sy,  Squamosal  ; 
st,  Supratemporal  ; t,  af,  Check-plates  (after  Tra- 
quair). 


Ag.,  <and  It. 
umberland. 


ornafus,  Traq.,  from  Lower  Carboniferous,  Scotland  and  North- 
Allied  sjrecies  in  Coal  Aleasirres  of  North  America. 
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Strepsodus,  Young  {JJeiidropfi/chiaa,  Young;  Archichfhys,  Hanc.  ami  Attli.)- 
Large  and  medium-sized  fishes  with  slender  and  somewhat  curved  teeth, 
which  are  not  compressed  to  sharp  edges.  S.  sauroides,  Binney  sp.,  from  Coal 
Measures  of  England,  Scotland,  and  Ireland.  Other  species  from  Lower 
Carboniferous  of  Scotland,  Ireland,  and  Nova  Scotia. 

Pihizodopsis,  Young  {DUfodus,  Ganolodus,  Characodns,  Gasfrodus,  Owen), 
(Fig.  128).  Scales  oval,  with  an  extremely  thin  layer  of  punctate  ganoine. 
Teeth  round  in  section,  smooth.  Vertebral  axis  with  ring  vertebrae.  The 
small  type  species  represented  by  fine  examples  in  the  English  Coal  Measures. 
Fragments  in  the  Coal  Measures  of  Silesia,  Nova  Scotia,  and  Illinois. 

Gyropti/chius,  M‘Coy  ; 2'risficho2}ferus,  Egerton  ; Eusthcnopteron,  Whiteaves  ; 
Polyplocodus,  Pander  ; Sauripfcrus,  Hall.  Devonian  and  Old  Red  Sandstone  ; 
Europe  and  North  America. 


Family  3.  Osteolepidae.  Smitli  Woodward. 

Body  slender,  covered  with  rhombic  ganoid  scales.  Bing  vertehrae  at  least  in  the 
caudal  region.  Paired  fins  with  a short,  obt  use  lobe.  Teeth  conical,  only  externally 
folded  at  the  base,  as  in  Phizodontidae.  Devonian  and  Carboniferous. 

Osteolepis,  Ag.  {Tripterus,  Trvplopterus,  M‘Coy),  (Fig.  129).  Cranial  roof 
bones  in  advance  of  the  parietals  fused  into  a continuous  shield,  pierced  by  a 


Fig.  1211. 

Osteolepis  macrolepUlotus,  Ag.  Ijower  Old  Red  Sandstone  ; Scotland  (restoration  after  Pander). 


median  frontal  (pineal)  foramen.  An  anterior  median  jugular  plate  present. 
Teeth  round  in  section.  First  dorsal  fin  in  front  of  the  pelvic  pair.  Scales 
smooth  and  punctate.  0.  macrolepidolus,  Ag.,  and  0.  microlepidotus.  Pander. 
Lower  Old  Red  Sandstone  ; Scotland. 

Thursius,  Traq.  As  Osteolepis,  but  first  dorsal  opposite  pelvic  fins.  Lower 
Old  Red  Sandstone  ; Scotland. 

DiplopAerus,  Ag.  Lower  Old  Red  Sandstone ; Scotland. 

Megalichthys,  Ag.  (Centrodus,  M'Coy  ; Phomhopitychius,  Young  ; Ectosteorhachis, 
Cope).  Cranial  roof  bones  in  advance  of  the  parietals  rarely  fused  into  a 
continuous  shield,  without  a median  frontal  foramen. 

Teeth  round  in  section.  First  dorsal  fin  nearly  opposite 
the  pelvic  pair.  Scales  smooth  and  punctate.  Carboni- 
ferous of  Great  Britain  and  North  America.  Lower 
Permian  of  Texas.  M.  hibberti,  Ag.,  the  best  known 
British  species  from  the  Coal  Measures. 

Glyptopomus,  Ag.  {Glyptolaemus,  Huxley),  (Fig.  130). 

Bones  of  cranial  roof  not  fused  together ; a median 
frontal  (pineal)  foramen.  External  bones  and  scales 
ornamented  with  irregular  reticulating  nigae  or  fused 
series  of  tubercles.  Upper  Old  Red  Sandstone ; Scotland,  possibly  also 
Belgium  and  Pennsylvania. 


Fig.  130. 

Glyptopomus  kin  nairdi, 
Huxley.  Seale,  enlarged. 
Upper  Old  Red  Sandstone ; 
Unra  Den,  Fifesliire  (after 
Huxley). 
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Family  4.  Coelacanthidae.  Huxley.' 

lloilif  covered  with  thin,  ci/cloidnl  cjanoid  scales.  Xo  ossified  vertebrae.  Arches, 
spinous  processes,  and  supports  of  caudal  Jin  superficitdbi  ossijied.  Air  bladder 
ossified.  Paired  fins  with  a short,  obt use  lobe.  Each  of  the  tv:o  dorsal  fins  and  the 
anal  fin  supported  bj  a simple,  usuulhi  jiroxiinallj  forked  plate,  which  in  the  anterior 
dorsal  is  in  direct  contact  with  the  denned  raijs.  Caudal  fin  distincthi  diphi/cercal, 
borne  cdtove  and  below  bij  numerous  simple  supports,  and  terminating  in  a small  pro- 
jecting tufted  fin.  Ordg  one  opercular  bone  on  each  side  and  a pair  <f  jugular 
plates;  but  several  splenial  bones  present.  Upper  Devonian  to  Upper  Cretaceous. 

Coelacanthus,  Ag.  {lloplopggus,  Ag. ; Conchiopsis,  Cope;  Ilhubdoilerma,  Keis). 
Teeth  absent  on  the  mai-gin  of  the  ja\v.s,  but  a few  hollow,  conical  teeth 
within.  Supplementary  caudal  fin  prominent.  External  hones  and  scales 
ornamented  with  series  of  tuljercles  or  fine  ridges  of  ganoine  ; fin  rays  not 
denticulated.  Carboniferous  and  rermian  of  England,  Scotland,  Cermany 
( Kupferschiefer),  and  North  America.  Fragments  probably  also  in  Upper 
Devonian  of  Hai’z  Mountains. 

Graphiurus,  Kner  ; Heptanema,  ISellotti.  Trias  of  Kaibl  and  Pei  ledo. 

Diplurus,  Newb.  Trias;  New  Jersey  and  Connecticut. 

Undina,  Miinster  (Holophagus,  Egerton),  (Fig.  1.31).  Supplementary 
caudal  fin  ])rominent.  All  the  fin  rays  robust,  broad,  and  closely  articulated 


distally  ; the  anterior  rays  of  the  first  dorsal  and  caudal  fins  denticulated  or 
tuberculated.  External  bones  and  scales  rugose  and  tuberculated.  Lower 
Lias  to  Lower  Kimmeridgian. 

Libgs,  iMiinst. ; Coccoderma,  Quenst.  Lithographic  Stone  (Lower  Kim- 
meridgian ) ; Bavaria  and  AViirtemberg.  C.  substriolatiun,  Huxl.  sp.,  from 
Kimmeridge  Clay,  England. 

' llirdcji.  T.  I!.,  niustvations  of  tlje  Structure  of  tlie  Crossopterygian  G.aiioiils  (Mem.  Geol. 
Surv.  dec.  XII.).  ISdd. — lieU,  <J.,  Die  Coelac.autliiueii  (Palaeniitogr.  vol.  XXXV.),  1888;  also 
Geogn.  .Jaiiresli.,  Miiuclien.  1892. 
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Macropoma,  Ag.  Maxilla,  vomer,  and  palatine  with  conical  teeth.  Sup- 
plementary caudal  fin  unknown.  Fin  rays  y3l)ust  and  straight,  not  expanded 
distally,  with  distant  articulations  ; a double  series  of  small,  upwardly  pointing 
denticles  on  nearly  all  the  rays  of  the  first  dorsal  and  caudal  fins.  Turonian 
and  Senonian  of  Europe.  M.  mantelli,  Ag.,  especially  well  preserved  in  the 
English  Chalk. 

Family  5.  Polypteridae.  Huxley. 

Bothi  covered  toith  tJiicl',  rhombic  ganoid  scales.  Vertebrae  and  the  comjylete 
interned  skeleton  ossified.  Tail  diphycercal.  Pectoral  fins  with  short,  obtuse  lobe, 
the  numerous,  short,  fan-like  basalia  attached  to  tico  diverging  bones  {propterygium 
ami  metapterygium)  and  a median  mesopterygiurn.  Dorsal  fin  single,  remarkably 
extended,  the  spine-like  raps  borne  by  a corresponding  number  of  supports.  Only  a 
single  pair  of  jugular 
plates.  Teeth  sharply 
conical,  ivith  simple  pulp 
cavity.  Recent. 

To  this  family  be- 
long the  two  genera, 

Polypterus  (Fig.  1.32)  and  Calamoichthys,  living  in  the  rivers  of  tropical  Africa. 


Order  2.  CHONDROSTEI.  Cartilaginous  Ganoids. 

Notochord  persistent,  and  endoskeleton  chiefly  cartilaginous ; head  covered  with 
bony  dermal  plates.  Teeth  small  or  wanting.  Opercular  apparatus  imperfectly 
developed,  the  branchiosteged  rays  usually  absent.  Infraclavicle  present.  Paired 
fins  without  a scaly  axis,  but  each  pelvic  fin  with  a row  of  cartilaginous  basal  supports. 
A single  dorsal  and  aned  fin,  ivith  dermal  rays  more  numerous  than  their  supports. 
Caudal  fin  heterocercal  {rarely  diphycercal),  and  the  upper  lobe  usucdly  covered  with 
rhombic  scedes.  Trunk  almost  or  completely  naked,  or  with  rows  of  bony  plates. 

Family  1.  Chondrosteidae.  Smith  Woodward. 

Parietal  and  f rontal  bones  paired  ; a large  squamosal  bordering  the  parietals  on 
each  side.  Jaws  toothless,  and  premaxilla  absent.  Operculum  small,  suboperculum 
large;  a few  branchiostegal  rays  present.  Trunk  naked,  only  the  upper  fukrated 
lobe  of  the  tail  with  elongated,  oat-shaped  ganoid  scales.  Lias. 

Chomlrosteus,  Egerton.  Mouth  verj^  small  and  inferior ; jaws  toothless ; 
maxilla  arched,  much  expanded  behind  and  tapering  in  front.  About  ten 
branchiostegal  rays,  but  no  gular  plate.  Dorsal  fin  short-based,  opposed  to 
the  pelvic  pair.  Trunk  naked.  C.  acipenseroides.  Eg.,  about  a metre  in 
length,  known  by  nearly  complete  skeletons  from  the  Lower  Lias  of  England. 

Gyrosteus,  Sm.  Woodward  {ex  Ag.  MS.).  Usually  much  larger  than 
Chondrosfens,  and  the  toothless  maxilla  expanded  in  its  front  portion  for  a 
palatine  articulation.  G.  mirabilis,  Sm.  "Woodw.  {ex  Agassiz,  MS.),  represented 
by  fragments  in  the  Upper  Lias  of  AYhitby. 

' Woodicard,  U.  8.,  On  the  Palaeontology  of  Sturgeons  (Proc.  Geol.  Assoc,  vol.  XI.l.  1889  ; 
also  Proc.  Yorks.  Geol.  and  Polyt.  Soc.  vol.  XIII.  1898,  p.  461. 
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Family  2.  Acipenseridae.  Sturgeons. 

Elongated  fishes  with  a produced  snout,  and  small  toothless  mouth,  without  pre- 
maxilla.  Parietal  and  frontal  bones  large,  unsi/mrnetrical,  and  granulated.  Oper- 
culum incompletelg  developed,  not  quite  covering  the  branchial  opening  ; hranchiostegal 
rags  absent.  Dorsal  and  anal  fins  borne  laj  two  rows  of  supports  {axonosts  and 
baseosts) ; caudal  fin  stronghj  heterocercal,  the  large  upper  lobe  ridged  with  fnlcral 
scales.  Trunk  with  five  longitudinal  series  of  keeled  bong  plates.  Tertiary  and 
Recent. 

The  sturgeons  of  the  two  living  genera,  Acipenser  and  Scaphirhgnchus, 
inhabit  the  seas  of  the  northern  hemisphere,  and  enter  the  rivers  of  Europe, 
Asia,  and  North  America.  Fossil  remains  are  rare.  An  Eocene  species 
{Acipenser  toliapicus,  Ag.)  is  represented  by  scutes  in  the  London  Clay  of 
Sheppey.  Scutes  and  pectoral  fin  rays  are  also  known  from  U]5per  Eocene 
and  later  deposits  in  Europe,  and  from  the  Miocene  of  Virginia,  U.S.A. 

Family  3.  Polyodontidae.  Paddle-fishes. 

Snout  verg  long  and  spatnlate.  Parietal  and  frontal  hones  paired.  Mouth 
large,  tvith  minute  teeth,  in  both,  jaws;  no  premaxilla.  Branchiostegal  rags  absent. 
Scales  rudimentarg  or  absent,  except  on  the  sides  of  the  nppier  caudal  lobe,  which  is 
ridged  with  large  fnlcral  scales.  Cretaceous  (?)  or  Eocene  to  Recent. 

Crossopholis,  Cope.  Rostrum  covered  with  small  stellate  bones.  Scales  of 
trunk  small,  thin,  and  separated  ; each  being  a grooved  disc  with  posterior 
denticulations  like  a fringe.  C.  inagnicaudatus.  Cope  ; Eocene  (Green  River 
Shales),  AVyoming. 

Pholiilurus,  Sm.  Moodw.  Known  l)y  caudal  ridge  scales  oidy,  from  the 
Upper  Chalk,  Kent. 

Polgodon  (Spatularia)  living  in  the  Mississippi,  Psej/hurus  in  Chinese  rivers. 

Family  4.  Belonorhynchidae.  Smith  Woodward.’ 

Slender  fishes  with  a.  much  elongated,  painted  snout.  Mouth  verg  large,  and 
javjs  vnth  numerous  conical  teeth,  of  different  sizes.  Opercidar  apparatus  reduced, 
ivithoid  branchiostegal  rags.  Fin  fulcra  minute  or  ab.sent ; dorsal  and  anal  fins 
small  and  remote;  caudal  fin  diphgej; real.  Trunk  with  four  longitudinal  rows  of 
small,  keeled,  scale-like  j>bdes.  Trias  and  Lias. 

Pelonorhgnchus,  Broun.  (Tchthgorhgnchus,  Bellotti  ; Saurorhgnchus,  Reis.), 


(Fig.  133).  Head  and  trunk  excessively  elongated.  Jaws  approximately 
equal  in  length,  and  mandible  remarkably  deep  behind.  Head  bones  exter- 

’ ]Voo/lirrrrn,  A.  S..  Tile  Fossil  Fishes  of  the  Hawkesbury  Series  (Mem.  Geol.  Siirv.  N.  S. 
Wales,  Palaeout.  Xo.  4).  1890. — /iCis,  <).,  Geogn.  .Iahre.sli.,  IV.  Miiucheii,  1891. 
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nally  ornamented  with  striae,  rugae,  or  reticulations.  The  remote  dorsal  and 
anal  fins  opposed  to  each  other ; the  diphycercal  caudal  fin  ti'uncated  at  its 
hinder  margin.  Of  the  four  series  of  imbricating  keeled 
dermal  scutes  one  extends  along  the  back,  another  along  the 
ventral  border,  and  the  other  two  smaller  series  along  the 
flanks.  The  ventral  scutes  form  a ring  round  the  region 
of  the  anus.  Belonorhynclms  occurs  in  the  Trias  of  the  Alps 
(Raibl,  Perledo,  Seefeld)  and  Australia  (Hawkesbury  Forma- 
tion), and  is  represented  by  skulls  and  other  fragments  in 
the  Lias  of  England  and  Germany  (Belonosfomus  acufus,  Ag.). 

The  teeth,  jaws,  and  skulls  from  the  Muschelkalk,  Keuper, 
and  Rhaetic,  described  under  the  name  of  Sanrichfhi/s,  Ag.  (Fig.  134),  probably 
Itelong  to  Belonorhynclms. 


Fig.  3 34. 

Sanriclithys  acivnii- 
not  us,  Ag.  Tooth, 
iiat.  size.  Hhaetic ; 
K e m n a t h , W ii  r t e in- 
berg. 


Order  3.  HETEROCERCI.  Zittel.i 

Notochord  'persistent,  hut  arches,  spinoics  yi^ocesses,  and  Jin  supports  more  or  less 
ossified;  head  covered  luith  bony  dermal  plates.  Opercular  apparatus  well  developed, 
and  branchiostegal  rays  numerous.  Infraclavicle  present.  Unpaired,  and  usually 
also  paired  fins  fringed  with  fulcra.  Faired  fins  without  scaly  axis,  but  each  pelvic- 
fin  with  a row  of  imperfectly  ossified  basal  supports.  A single  dorsal  and  anal  fin, 
with  articulated  rays  tvhich  are  more  numerous  than  their  supports.  Caudal  fin 
heterocercal.  Scales  rhombic  or  rhomboidal,  rarely  cycloidal. 

In  their  skeletal  structure  and  the  characters  of  their  paired  fins,  the 
Heterocerci  agree  so  closely  with  the  Chondrostei,  that  they  are  united  with 
the  latter  by  Traquair  under  the  ordinal  name  of  Acipenseroidei.  In  their 
outward  aspect  they  bear  a superficial  resemblance  to  the  Lepidostei.  The 
Chondrostei,  Heterocerci,  and  Lepidostei,  probably  form  three  different 
specialised  branches  from  one  and  the  same  primitive  group. 

Family  1.  Palaeoniscidae.  Vogt  emend.  Traqnain 

Trunk  elongate-fusiform.  Head  bones  more  or  less  enamelled.  Teeth-  slender, 

conical  or  styliform.  Scales  ganoid,  rhombic  in  shape,  rarely  cycloid  on-  the  trunk. 
Devonian  to  Upper  Jurassic. 

Cheirolepis,  Ag.  Jaws  with  an  outer  row  of  minute  teeth  and  an  inner  row 
of  stouter  teeth.  Dorsal  fin  remote,  arising  behind  the  origin  of  the  anal  fin. 
Scales  very  small,  rhombic,  or  almost  square.  C.  cummingiae,  Ag. ; Lower  Old 
Red  Sandstone,  Scotland.  C.  canadensis,  Whiteaves.  Upper  Devonian  ; Scau- 
menac  Bay,  Canada. 

Canobius,  Gonatodus,  Traquair.  Lower  Carboniferous  ; Scotland.  G.  moly- 
neuxi,  Traq.  ■,  English  Coal  Measures. 

Amblypterus,  Ag.  Mouth  and  teeth  small.  Fins  with  delicate  fulcra. 
Scales  smooth.  Several  species  from  Lower  Permian  (Rothliegendes)  of 
Rhenish  Prussia,  Bohemia,  and  France.  A.  latus,  Ag.  ; A.  duvernoyi,  Ag.  sp. 

Eurylepis,  Newb.  (Fig.  135).  Small  fishes  with  small  fins,  the  fin  rays  not 

' Traquair,  li.  H.,  The  Ganoid  Fishes  of  the  British  C'arboiiiferou.s  Formations  (Palaeont.  Soc.) 
ISTo.  1,  1877,  No.  2.  1901. — On  Amhh/iyterus,  Palaeaniscws,  Gyrolcpis,  and  Pj/goqytervs  (Quart.  Jouru. 
Geol.  Soc.  vol.  XXXIII.),  1877. — On  Eskdale  Fishes  (Trans.  Koy.  Soc.  Edinh.  vol.  XXX.),  1881. 
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divided  distally,  and  the  caudal  obliquely  truncated.  Teeth  small.  Scales 

rugose,  denticulated  on  the  hinder 
border 


two  or  more  rows  of 
scales  on  the  hank  remarkably 
deepened.  Coal  Measures  ; Ohio, 
and  rarely  England. 

Nematoptych  ins,  Bhadi)i  i cli  flu/! , 
Traquair  ; Cydopty chins,  Young. 
Carboniferous. 

Pygopterns,  Ag.  Kiipfer- 
schiefer. 

Palaeonisciis,  Blv.  emend.  Tra- 
quair (Fig.  136).  Slender  fishes, 
small  or  of  moderate  size.  Teeth 
sharply  pointed,  of  dirt'erent  sizes. 
Fins  small,  the  rays  articulated 
and  divided  distally.  Dorsal  in 
front  of  the  anal  fin.  Scales  rhoml>ic,  marked  Avith  irregular  oblique  furrows. 


•iflrpis  1 nhi’rcu.ldfi/s,  Xewb. 

Linton,  ( )hio. 


Coal  Measures  ; 


.1 


n 


Fui.  13b. 

rnjaeoviscns  nuu'.ropomns,  Ag.  Rpstora* 
tion  of  liead  (A),  ]»ectoral  arcli  (7A,  and 
caudal  fin  (C).  Natural  size.  Knpfer- 
schiefer  ; Tluiringia.  f//,  Anterior  frontal ; 
(Kj,  Angular;  hr,  lirancliiostegal  rays;  d, 
clavicle;  d,  Deiitary  ; e,  Etlnnoid  ; /, 
Frontal ; id,  Infraclavicle  ; iop,  Suboiter- 
culum  ; wx,  Maxilla;  n,  Narial  o]>ening  ; 
op,  Operculum ; p,  Parietal  ; p<i.  Post- 
clavicle ; pop.  Preoperculum ; pt,  Post- 
temporal  ; pmx,  Premaxilla  ; q.  Squa- 
mosal ; sd,  Su])raclavicle ; ho,  Circiini- 
orbital  ring  and  suborbital*  ; st,  Supi'a- 
teinporal.  Dotted  lines  indicate  course  of 
sen.sory  canals  (after  Traquair). 


P.  frcieslebeni,  Blv.  (Fig.  136),  and  other  species  very  common  in  the  Kupfer- 


SUB-CLASS  V 


GANOIDEI 


schiefei-  of  Thuringia  and  Eiechelsdorf,  Hesse ; also  found  in  tlie  Upper 
Permian  of  England,  France,  and  Russia. 

Elonichthiis,  Giebel  {llhabdolepis,  Troschel ; Cosmopfiichius,  Traquair),  (Figs. 
137,  138).  Teeth  of  ditierent  sizes.  Fins  large,  with  fulcra,  and  the  rays 
distally  divided.  Dorsal  in  front  of  the  anal  fin.  Scales  rhombic,  obliquely 
sculptured.  E.  germari,  Gieb.,  from  Coal  Measures  of  Saxony.  Other  species 


A B 


Fig.  137. 

Elonichth  ys  {Cosmoptyrhiii;^) 
striatus,  Ag.  sp.  Scale  ITom 
outer  (*-1 ),  and  inner  fil)  aspects, 
three  times  nat.  size,  l.oiver 
Carboniferous  ; Edinburgh 
(alter  Traquair). 


Fig.  13s. 

Elonichth ya  (Uhnhilok’ids)  ■macropterus,  Hmiiii  sp.  LoM-er  Permian  (K.>th- 
liegenden),  Lebach,  near  Saarbrucken,  Klienish  Prussia  (restoration  aft^r 
Agassiz/. 


Fig.  130. 

Uyroleph  onwtns^  Gieb. 
Scales  enlaigrd.  Muschel- 
kalk  ; Esperstadt  (alter 
Games). 


An  allied  fish 


from  the  Carboniferous  of  England,  Scotland,  and  North  America;  also  from 
the  Lower  Permian  of  Rhenish  Prussia  and  Bohemia. 

Acrolepis,  Ag.  Closely  resemliling  Elonicltih//s,  but  scales  more  deeply  over- 
lapping. A.  sedgtvicki,  Ag.,  from  Upper  Permian  (Marl  Slate  of  Durham  and 
Kupferschiefer  of  Germany).  Other  species  in  Carlioni- 
ferous  of  England,  Scotland,  and  Belgium. 

Gyrolepis,  Ag.  (Fig.  139).  Anterior  rai^s  of  pectoral 
fins  not  articulated.  Operculum  deep  and  narrow.  Scales 
marked  with  irregular  oblique  and  curved  rugae.  Common 
in  the  Muschelkalk  and  Rhaetic  Bone-bed,  but  usually 
only  isolated  scales. 

Myriolepis,  Egerton.  Scales  very  small.  M.  claiiri, 

Eg.,  from  Trias  (Hawkesbury  Formation),  New  South  AVales. 
in  the  Coal  Measures  of  Kilkenny,  Ireland. 

Oxygiiaihus,  Egerton  {Thrissonotus,  Cosinolepis,  Egerton).  Fins  large,  with 
small  fulcra.  Pectoral  fin  rays  only  articulated  distally.  Dorsal  in  front  of 
anal  fin.  Scales  small,  but  thick,  obliquely  sculptured.  0.  oniafiis,  Eg.,  from 
Lower  Lias,  Lyme  Regis. 

Centrolepis,  Egerton.  Lower  Lias  ; Lyme  Regis. 

Atherstonia,  Sm.  Woodw.  Trias  (Karoo  Formation) ; 

Africa. 

Coccolepis,  Ag.  Scales  thin,  rounded,  and  very  deeply  overlapping ; 
mented  with  tubercles.  Fulcra  minute  or  absent.  Dorsal  in  front  of  anal  fin. 
Small  species  in  the  Upper  Jurassic  Lithographic  Stone  of  Bavaria  {C.  hack- 
laiidi,  Ag.),  the  Purbeck  Beds  and  Lower  Lias  of  England.  A larger  species 
(C.  auslralis,  Sm.  AVoodw.)  in  the  Hawkesbury-AVianamatta  Formation  of  New 
South  Wales.  Only 

Cryphiolepis,  Traquaii 


Colesberg, 


South 


orna- 


known  Palaeoniscid  ranging  above  the  Lias. 


Fins  large,  with  fulcra.  Scales 


large 


and  thin. 
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more  or  less  rounded,  very  deeply  overlapping,  and  externally  striated.  Lower 
Carboniferous  ; Scotland. 


Family  *2.  Platysomidae.  Traipiair. 

Trank  deeply  pisiform  or  irregularly  rhombic  and  laterally  compressed.  Head 
bones  enamelled;  hyomandibular  nearly  rertical  and  mouth  small;  teeth,  when 
present,  more  or  less  blunt,  chiefly  on  the  pterygoid  and  splenial  bones.  Fins  with 
fulcra  ; pelvic  fins  small  or  absent ; dorsal  fin  single,  much  extended.  Scales  rhombic, 
deepened  on  the  fluid:,  each  with  an  inner  vertical  keel  projecting  as  a peg  at  the  upper 
border.  Carboniferous  and  Permian. 


Eurynotus,  Ag.  {Fleet rolejiis, 


Ag.; 


Trunk  deeply  fusiform.  Teeth  short, 
obtusely  conical  to  spher- 
oidal. Pectoral  fins 
large ; dorsal  fin  arising 
opj)osite  the  pelvic  pair 
and  extending  to  the 
caudal  fin  ; anal  fin  short- 
based.  F.  crenatus,  Ag., 
from  Lower  Carbonifer- 
ous, Scotland;  other 
species  fi’om  Ireland  and 
Belgium. 

Mesolepis,  Young; 
JF arddehthys,  Traquair. 
Carboniferous ; Scotland 
and  England. 

Cheirodus,  M'Coy 
{A  mjihicenirum,  Y oung), 
(Fig.  140).  Trunk  deep, 
rhombic.  Pectoral  fins 
very  small,  pelvic  fins  absent.  Donsal  and  anal  fins  directly  opposed,  and  both 


Fic.  140. 

Ckeiro<lu$  (jraniilosus.Yonn'^  s\).  Coal  Measures:  Xortli  Stallonlsliire. 
Restored.  Li-tterinj^' as  in  13t)  (aft^r  Traquair). 


Fk).  141. 

riofifsomiis  sfritttus.  A^.  Upju-r  Permian  (Magnesian  limestone); 
Diirliair).  V4  size  (restoration  alter  Tratiuair). 


A 


n 


Fic.  142. 

Platysomus  parvulus,  Ag. 
Scale,  outer  (d),  and  inner 
(Ji)  aspects,  twice  nat.  size. 
(,’oal  Measures;  England. 


much  extended.  Teeth  absent,  but  j)terygoid  and  splenial  with  denticulated 
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border.  C.  granulosus,  Young  sp.  (Fig.  140),  from  English  and  Scottish 
Coal  Measures.  Other  species  in  Lower  Carboniferous,  England  and  Scotland. 

Cheirodopsis,  Traquair.  Lower  Carboniferous  ; Scotland. 

FIat//somus,  Ag.  (Figs.  141,  142).  Trunk  deep,  rhomluc  or  discoidal. 
Teeth  small,  styliform.  Pectoral  and  pelvic  fins  small.  Scales  finely  striated. 
P.  sfriatus,  Ag.  (Fig.  141),  from  Upper  Permian  (Marl  Slate  of  England, 
Kupferschiefer  of  Germany).  Upper  and  Lower  Carboniferous  of  England 
and  Scotland ; Coal  Measures  of  North  America ; Permian  of  Orenburg, 
Russia. 

1 Dorijpterus,  Germar.  A scaleless  fish,  showing  internal  skeleton.  Rare 
in  Upper  Permian  (Marl  Slate  of  Durham  and  Kupferschiefer  of  Germany). 

Family  3.  Catopteridae.  AVoodward. 

Trunk  elongate  or  elongate-fusiform;  tail  abhreviate  heterocercal.  Head  hones 
ivell  developed,  ganoid  ; no  niedian  series  of  cranial  roof  hones  ; teeth  slender,  conical. 
Dorsal  fin  single  and  not  much  extended.  Scales  rhomhic,  ganoid.  Trias. 

Dictyopyge,  Egerton.  Teeth  small.  Dorsal  opposite  or  slightly  in  front 
of  the  anal  fin.  Upper  lobe  of  tail  very  short ; caudal  fin  forked.  Scales 
rhombic,  smooth  or  with  few  oblique  furrows.  All  species  small.  Upper 
Trias  of  England,  Germany,  Virginia,  U.S.A.,  South  Africa,  and  Australia. 
Also  D.  rhenana,  Deecke,  from  Lower  Trias  (Biniter),  near  Basle,  Switzerland. 

Catopterxis,  Redfield  {Bedfieldius,  Hay).  As  Dictyopyge,  but  origin  of  dorsal 
behind  that  of  anal  fin.  Fulcra  fine.  Trias;  North  America. 

Order  4.  LEPIDOSTEI.  Huxley.^ 

Notochord  persistent,  or  vertebrae  in  various  degrees  of  ossification.  Opercular 
apparatus  usually  complete,  with  hranchiostegal  rays,  and  often  a gular  plate  ; at 
least  one  series  of  postorhitals  on  the  cheek  between  the  orbit  and  preoperculurn.  Teeth 
pointed  or  conical.  No  inf  raclavicle.  Unpaired,  and  usually  also  paired  fins  fringed 

with  fulcra  ; stepports  of  dorsal  and  anal  fins  equal  in  number  to  the  dermal  rays. 
Caudal  fin  hemi-heterocercal.  Scales  rhombic  or  rhomboidal,  arranged  in  oblique 
series,  and  frequently  united  above  and  below  by  peg-and-socket  articulations. 

To  the  Lepidostei  are  referred  the  “ bony  pikes  ” at  present  distributed 
throughout  the  freshwaters  of  North  America,  besides  a large  number  of  fossil 
genera  from  Mesozoic  formations.  They  are  remarkably  closely  related  to  the 
Palaeoniscidae,  and  in  the  ossification  of  their  internal  skeleton  they  represent 
a higher  grade  of  the  same  type.  Except  a single  genus  from  Permian  deposits 
(Acentrophorus),  the  Lepidosteoids  are  confined  to  the  Trias,  Jurassic,  Creta- 
ceous, and  Tertiary,  both  in  Europe  and  North  America.  Their  maximum 
development  occurs  in  the  Jurassic  period.  While  the  Lepidosteoids  are 
closely  related  on  the  one  hand  to  the  Palaeoniscids,  they  approach  so  closely 
to  the  Amioids  on  the  other,  that  it  is  impossible  to  separate  them  distinctly 
from  the  latter. 

* Egerton,  P.  M.  <!.,  Figure.s  and  Descriptions  of  Britisli  Organic  Remains  (Mem.  Geol.  Surv. 
dec.  VI.,  VIII.,  IX.,  XIII.). — Kner,  R.,  Die  Fische  der  bitnndnd.sen  Hcluefer  von  llaibl  in  Karnthen 
(Sitzungsb.  k.  Akad.  Wiss.  Wien,  niatli.-naturw.  Cl.  vol.  HIl.),  186(5  ; and  Nachtrag,  ibid.  vol.  LV. 
1867. — Die  fossilen  Fische  der  Asplnaltschiefer  von  Seefeld  in  Tyrol  (ibid.  vol.  LIV.),  1866  ; and 
Nachtrag,  ibid.  vol.  LVI.  1867.  — Vetter,  R.,  Die  Fische  ans  deni  lithograplii.schen  Kchiefer  in 
Dresdeuer  Museum  (Mittheil.  k.  mineral. -geol.  Mas.  Dresden),  1881. 
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P’amily  1.  Sty  lodontidae.  Wagner.^ 

Jaios  and  vomer  with  several  rows  of  leeth,  those  of  the  outer  row  sti/liforvi. 
J^ertehral  cnlnriin  consisting  of  he  mi-vert  eh  rae  or  ring-vert  eh  rae.  All  fins  fringed  with 
f ulcra.  Caudal  fin  hath  internallg  and  externallg  hemi-heterocercal,  the  upper  lohe 
more  extensivehj  scaled  than  the  lower  lohe.  Upper  Permian  to  Upper  Jurassic. 


Acentrophorvs,  Traq.  Trunk  fusiform.  Dorsal  fin  short,  opposite  the 
space  between  the  pelvic  and  anal  fins.  Xo  enlarged  ridge  scales.  A.  rarians, 
Kirkby  sj).,  and  other  species  from  Magnesian  Limestone,  Durham.  A. 
chicopensis,  Xewb.  Trias;  Connecticut  Valley,  LI.S.A. 

Sernionotus,  Ag.  (Ischgpterus,  Egert.).  Trunk  fusiform.  Dorsal  fin  large 
and  extended,  its  hinder  part  opjmsed  to  the  anal  fin.  Dorsal  series  of  pointed 

ridge  scales  forming  a pro- 
minent crest.  Fin  fulcra 
sometimes  very  large.  Scales 
and  head -bones  smooth  or 
but  feeldy  ornamented.  S. 
hergeri,  Ag.,  from  Keuper  of 
Coburg  atid  Thuringia.  S. 
kapffi, 'Fnins  (Fig.  143),  from 
Keuper,  Ilaslach,  near 
Stuttgart.  Stuttgart.  Other  species  from 
the  Bunter,  Muschelkalk, 
Keuper,  and  Khaetic  of  Europe,  also  from  the  Upper  Karoo  Formation  of 
South  Africa,  the  Hawkesbury  Formation  of  New  South  Wales,  and  Trias  of 
Connecticut  Valley  and  New  Jersey,  U.S.A. 


Sernionotus  loj’JH,  Fraas.  Keuper  (Stubensamlstein) ; 

-/■>  iiat.  size  (after  (.>.  Fraas). 


A 


Fig.  144. 

Dupedius  pholidotns,  Alt.  Upper  Lias;  Boll,  Wilrteniber}'.  V2  size. 
Ifi  C,  Teetli,  nat.  size  (alter  Queiistedt). 


Crenileghs,  Dames.  Muschelkalk.  llornoeolepis,  Wagnei'.  Upper  Lias;  Boll. 
Jiapedius,  de  la  Beche  {Arnhh/urus,  Ag.  ; Aechinodus,  Egerton),  (Figs.  144, 

- Sfrarei'.  ./.,  Fo.s.sile  Fische  aus  dem  Keupersaiidsteiii  voii  Coburg  (Zeitsclir.  deut.scb.  geol.  Ges. 
vol.  XVI.),  1804. — -I.,  Die  C4rilVeIzidnier  (Stylodoiite.s),  (Gelelirt.  Anzeig.  k.  bay.  Akad. 

vnl.  I,.),  1880. — Deecke,  II'.,  Ueber  Fi.sclie  aus  verseliiedenen  Horizoiiten  der  Trias  (Falaeoutogr.  vol. 
XXXV.),  1888. — Xev:bi:rry.  J.  -S.,  Fossil  Fishes  and  Fossil  Plants  of  the  Triassic  Rooks  (Monogr. 
U.S.  Geol.  Surv.  vol.  XIV.),  1888. — tkhellwka,  A'.,  Ueber  Sernionotus  Agassiz  (Schrifteii  Phys.- 
iikon.  Gesellsch.  Kbiiigsberg).  1901. 


SUB-CLASS  V 


GANOIDEI 


81 


145).  Trunk  much  laterally  compressed,  deej^ly  fusiform  or  cycloidal.  Ex- 
ternal bones  ornamented  with  tubercles  and  ridges  of  ganoine.  Eye  surrounded 
by  a complete  ring  of  small  quadrangular  plates  (ro),  behind  which  are  from 
five  to  eight  postorbitals  (so,  cheek- 
plates).  The  supra-temporal  plates  (sf) 
also  numerous.  Operculum,  suboper- 
culum, and  interoperculum  large, 
arranged  in  an  arch.  Preoperculum 
narrow,  almost  or  completely  covered 
by  the  postorbitals.  A median  gular 
plate  between  the  laminar  branchiostegal 
rays.  Fin-fulci’a  A-shaped,  the  two 
halves  being  fused  at  the  apex.  Pectoral 
and  pelvic  fins  small ; dorsal  and  anal 
fins  much  extended  and  opposed  ; caudal 
fin  slightly  forked.  Scales  on  the  middle 
of  the  flank  deeper  than  broad ; no 
prominent  ridge  scales ; all  the  scales 
thick  and  enamelled,  sometimes  tuber- 
culated.  The  earliest  species  in  the 
Alpine  Trias  (Seefeld,  St.  Cassian). 

Common  in  the  Lower  Lias  of  England 
and  the  Upper  Lias  of  Wiirtemberg 
(Boll,  Holzmaden),  Bavaria  (Banz), 

Northern  France  (Calvados),  (I),  pholi- 
dotus,  Ag. ; D.  caelatus,  Quenst.).  Also 
found  in  the  Gondwana  Beds  of 
India. 

Heferostrophus,  Wagner.  Lithographic  Stone  (Upper  Jurassic);  Bavaria. 

Cleithrolepis,  Egerton.  Hawkesbury  Formation;  New  South  Wales. 
Karoo  Formation  ; Orange  River  Colony. 

Tetragomlepis,  Bronn  (Pleurolepis,  Quenst.).  Small  oval  or  almost  cycloidal 
fishes,  laterally  compressed,  with  small  pectoral  and  pelvic  fins.  Dorsal  and 
anal  fins  much  extended.  Scales  deepened  on  the  flank,  their  front  border 
thickened  and  forming  a vertical  ridge.  T.  semicindus,  Bronn,  from  Tapper 
Lias,  Wiirtemberg  and  Bavaria.  Other  species  in  the  U])per  Lias  of  England, 
and  the  Kota  Formation  of  the  Deccan,  India. 

Family  2.  Semionotidae.  Woodward. ^ 

P remaxilla,  maxilla,  and  dentary  with  obtusely  conical  or  chisel-shaped  teeth  ; 
vomer,  pterygo-palatine  arch,  and  splenicd  with  several  rows  of  stouter  hemispherical 
teeth.  All  fins  fringed  with  f ulcra.  Caudal  fin  hemi-heterocercal.  Scales  thick  and 
rhombic.  Trias  to  Cretaceous. 

Colobodus,  Ag.  (Asterodon,  Miinst. ; Tholodus,  Meyer ; Dactylolepis,  Kunisch). 
Teeth  hemispherical  and  irregularly  crowded,  usually  with  a mammiform  eleva- 

^ Quenstedt,  F.  ^-1.,  Ueber  Lcpidutus  in  Lias  e.  Tubingen,  1847. — Saurage,  II.  E.,  Memoire  sur 
les  Lepidotus  maxinvus  palUatus  (Mem.  Soc.  geol.  France,  ser.  3,  vol.  I.),  1877. — Meyer,  II.  von. 
Fossile  Fische  aus  dem  Muschelkalk  (Palaeontogr.  vol.  I.),  1850. — Dames,  IF.,  Die  Ganoiden  des 
deutschen  Muschelkalks  (Palaeont.  Abhandl.  vol.  IV.),  1888. — Branco,  II'..  Ueber  eine  neue 
Lepidotus- Art  aus  dem  Wealden  (Jahrb.  k.  preuss.  geol.  lyandesanst.),  1885. 

VOL.  II 


Head  of  Dapedius.  aq,  Angular ; hr,  ViuUu  plaie  ; 
hr',  Braucliiostegal  rays ; rf.  Clavicle ; co,  Circimi- 
orbitals ; d,  Dentary ; /,  Frontal ; iop,  futeroper- 
culuin  ; mx,  Maxilla ; na,  Nasal ; op,  Operouluiii  ; 
or,  Orbit;  j>.  Parietal:  pmr,  Premaxilla;  pt.  Post- 
temporal  ; scl,  Supraclavicle ; so.  Suborbitals  ; sop. 
Suboperculum ; sq,  Squaino.sal ; st,  Suijratemporal 
(after  Traquair). 
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tion  ill  the  middle  of  the  crown.  Scales  marked  with  more  or  less  parallel 
ridges,  ending  in  denticnlations  at  the  hinder  border.  Common  in  the 
Mnschelkalk  and  Lettenkohle. 

The  generic  names  Nephrotws,  Cenchmlus,  Omphalodus,  Hemilopas,  Meyer, 
and  Sargodon,  Plieningcr  (Fig.  146),  are  applied  to  rounded 
^ or  chisel-shaped  teeth  from  the  Trias  and  Rhaetic. 
r|  Ltpidofns,  Ag.  (Sphaerodus,  p.p.  Ag. ; Plesiodus,  AVagner ; 

'j  P rolepidoius,  Michael),  (Figs.  147,  148).  Trunk  fusiform  and 
f only  moderately  compressed,  covered  with  thick,  smooth,  or 
obliquely  striated  scales,  which  are  deeply  imbricating  and 
sarrjniion  tomiciis,  have  the  angles  of  the  overlapped  border  more  or  less 
natil' produced.  Head  and  opercular  bones  more  or  less  enamelled, 
smooth  or  tuberculated.  Teeth  hemispherical  to  obtusely 
conical.  Successional  teeth  numerous,  the  incipient  germ  lying  exactly  in 
the  opposite  direction  to  that  of  the  functional  tooth,  thus  making  a revolution 
of  180°  while  the  root  of  the  old  tooth  is  absorbed  and  it  prepares  to  appear 


I.epklotus  notopterus,  Ai;.  Upper  .liirassic  l.itlio^rairhic  Stone) ; Soleiiliofen.  '/s  nat.  size. 

(Fig.  148,  A).  Fin  fulcra  very  large  and  biserial  (Fig.  148,  /I),  present  on  all 
the  fins.  Pectoral  fins  large  ; pelvic  tins  small ; large  dorsal  fin  opposed  to 
the  pelvic  pair  ; caudal  fin  more  or  less  forked.  Ranging  from  the  Keuper 


c 


Kio.  14S. 

f.L’pIdotus.  A.  Kra}<mcMit  ol‘ Jaw. with  successional  teptli.  L',  Tooth  inside  view  and  from  above.  C,  Scale. 
D,  Fnlcral  armature  of  dorsal  tin.  /,  Fulcra  ; .r,  Unpaired  dorsal  scale  ; y,  First  basal  scale  of  dorsal  tin  ; z,  z', 
lateral  scales.  Xat.  size. 


to  the  Lower  Cretaceous,  some  of  the  later  species  having  the  largest,  stoutest 
teeth  and  well-developed  ring-vertebrae.  The  type  species,  L.  elvensis,  Blv. 
sp.,  common  in  the  Upper  Lias  of  "Wurtemberg,  Bavaria,  France,  and  England. 
L.  maximum,  “Wagn.,  L.  notopferiis,  Ag.  (Fig.  147),  and  other  species  well  pre- 
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served  in  the  Lithographic  Stone  (Upper  Jurassic)  of  Germany  and  France. 
L.  mantelli,  Ag.,  from  Wealden.  Also  Jurassic  of  India  and  Siberia,  and 
Cretaceous  of  Brazil. 

Family  3.  Eugnathidae.  Woodward. 

Triubk  slender,  covered  with  rhomboid  enamelled  scales.  Marginal  teeth  conical. 
Cranial  and  facial  bones  moderately  robust,  externally  enamelled,  and  opercular 
apparatus  complete.  Snout  not  produced.  Fin-rays  robust,  fulcra  conspicuous. 
Dorsal  fin  short  and  acuminate.  Vertebral  column  rarely  more  than  incomp>lete 
rings.  Tail  extenudly  homocercal  or  hemi-heterocercal.  Trias  to  Cretaceous. 

Eugnathus,  Ag.  {Heterolepidotus,  Egerton).  Cleft  of  mouth  wide,  with  large, 
conical,  pointed  laniaiy  teeth  and  numerous  smaller  jrointed  teeth  between 
these.  Head  and  opercular  bones  smooth  or  tuberculated.  Fins  powerful, 
the  dorsal  arising  opposite  the  pelvic  pair,  stouter  and  longer  than  the  anal 
fin;  caudal  fin  forked,  externally  hemi-heterocercal.  Scales  rather  thick, 
mostly  longer  than  deep,  and  with  serrated  hinder  border.  The  type  sjaecies, 
E.  orthostomus,  Ag.,  a slender  fish,  common  in  the  Lower  Lias  of  Lyme  Regis, 
Dorset.  Other  species  in  the  Lias,  and  ranging  upwards  to  the  Lithographic 
Stone  {E.  microlepidotus,  Ag.)  and  Purbeck  Beds. 

Caturus,  Ag.  ( Uraxus,  Ag.),  (Fig.  1 49).  Essentially  identical  with  Eugnathus, 
but  scales  thinner,  more  deeply  overlapping,  and  less  narrowed  near  the  ventral 


Fig.  1411. 

Caturus  elongatus^  Ag.  (JppFr  Jurassic  (1  Jthograpliic  Stone) ; Cerin,  Ain,  France.  V*j 


border  of  the  fish.  Endoskeleton  of  trunk  usually  well  displayed  in  the  fossils, 
showing  hemi-vertebrae,  short  ribs,  and  free  neural  spines  in  the  abdominal 
region.  Ranging  from  the  Trias  to  the  Upper  Jurassic,  especially  fine  speci- 
mens being  known  from  the  Lower  Lias  of  England  (C.  heterurus,  Ag.  sp.,  etc.), 
and  the  Lithographic  Stone  of  France,  Bavaria,  and  Wiirtemberg  (C.  furcatus, 
elongatus,  maximus,  Ag.,  etc.). 

Strobilodus,  'Wagner ; Ditaxiodus,  Owen.  Large  fishes  resembling  Caturus. 
Upper  Jurassic  of  Europe. 

Callopterus,  Thiolliere.  Lithographic  Stone  of  Bavaria  and  France. 

Eurycormus,  Wagner  (Fig.  122).  Much  resembling  Caturus,  but  vertebral 
column  consisting  of  hemi-vertebrae,  which  become  two  similar  complete  rings 
in  the  caudal  region.  Dentition  comparatively  feeble.  E.  speciosus,  Wagn., 
from  Lithographic  Stone,  Bavaria.  Other  species  in  Oxford  and  Kimmeridge 
Clays,  England. 
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Ftijcholejns,  Ag.  Head  and  opercular  bones  ornamented  with  ridges  of 
ganoine ; teeth  minute.  Scales  thick,  much  longer  than  deep,  externally 
marked  with  longitudinal  grooves.  F.  bulleiisis,  Ag.,  from  Upper  Lias  of 
England,  France,  Bavaria,  and  Wiirtemberg.  Other  species  in  Lower  Lias  of 
England.  Smaller  species  in  Trias  of  Raibl,  Carinthia,  and  Connecticut. 

Family  4.  Macrosemiidae. 

Marginal  teeth  styliform ; dorsal  fin  elongated  ; scales  rhombic. 

Ophiopsis,  Ag.  Trunk  much  elongated  and  slender,  with  a high  dorsal  fin 
extending  half  its  length.  Anal  fin  small.  Caudal  fin  hemi-heterocercal. 
Ranging  from  the  Muschelkalk  to  the  Purbeck  Beds.  0.  procera,  Ag.,  and 
other  species  common  in  the  Lithographic  Stone  of  Bavaria. 

Macrepistius,  Cope.  Lower  Cretaceous  ; Texas.  Eusemius,  Vetter.  Upper 
Jura;  Bavaria. 

Notagogus,  Ag.  Trunk  elongated,  with  extended  dorsal  fin  subdivided  into 
two  parts,  the  anterior  portion  with  comparatively  widely  spaced  rays,  and 
not  deeper  than  the  posterior  j)ortion.  Stout  ring-vertebrae.  N.  pcntlandi, 
Ag.,  from  Neocomian,  Castellamare,  near  Naples.  Other  species  in  the 
Lithographic  Stone  of  Bavaria. 

Fropterus,  Ag.  As  Notagogus,  but  trunk  deeper  and  anterior  portion 
of  dorsal  fin  dee}>er  than  })Osterior  jmrtion.  Ring-vertebrae.  Scales  almost 

six-sided,  deeper  than  long.  Jura. 

Histionotus,  Egerton.  The  back  of  the 
elongated  trunk  elevated  and  sharj)ly  bent 
anteriorly,  a single  long  dorsal  fin  extend- 
ing backwards  from  the  bend  almost  to 
the  caudal  fin,  which  is  deeply  forked. 
Uniserial  fulcra  on  both  paired  and  median 
fins.  Scales  of  fiank  deej)er  than  broad. 
//.  angularis,  Eg.,  from  the  English  Purbeck 
Beds.  Other  species  from  the  Lithographic 
Stone  of  Bavaria  and  France. 

Macrosemius,  Ag.  (FHsticholepis,  Thiolh), 
(Fig.  150).  Trunk  elongated,  and  dorsal 
fin  extending  from  the  occijmt  to  the 
caudal  fin,  which  is  rounded.  No  fin 
fulcra.  Jaws  and  pterygoid  with  power- 
ful conical  or  styliform  teeth.  Scales 
thin  and  rhombic.  M.  rostrutus,  Ag.,  M.  latiuscnlus,  Wagn.  (Fig.  150),  and 
other  species  in  the  Lithographic  Stone  of  Bavaria  and  France.  Small 
species  of  this  or  an  allied  genus  in  the  Purbeck  Beds  of  Wiltshire  and 
the  Portlandian  of  Meuse,  France. 

Fetalopteryx,  Pictet.  Upper  Cretaceous  ; Mount  Lebanon. 

Family  .5.  Pholidophoridae. 

Trn III:  fusiform;  teeth  small  and  conked;  scales  rhombic  and  deegjl y overlajJjEng ; 
dorsal  and  anal  fins  small ; vertebrae  forming  complete  rings. 

Fholidopleurus,  Broun  (Fig.  151).  Trunk  slender.  Scales  smooth,  one 


Marrosemius  Jafiusculus,  Wa^ii.  Hea'l,  iiat.  size. 
UiJper  Jurassic  (iHthograiiliic  Stone);  Kelheiin. 
fir,  Articular ; br,  iirancliiostegal  rays  ; d,  Clavicle  ; 
d,  Dentary ; hi/,  Ceratoliyal ; mx,  Maxilla ; o,  Orbit ; 
op,  Operculum;  pc,- Parietal ; pi,  Palatine;  pmx, 
Premaxilla  ; pop,  Preoperculum  ; psph,  Para- 
splienoid  ; pt.  Pterygoid  ; ijit.  Quadrate  ; sop,  Sub* 
operculum;  spl,  Splenial ; vo,  Vomer. 
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series  short  and  very  deep  on  the  flank,  those  on  the  back  and  ventral 
region  longer  than  deep.  Dorsal  and  anal  fins  delicate,  elongated,  and  low, 
directly  opposed  on  the  hinder  part  of  the  candal  region.  Caudal  fin  ex- 
ternally homocercal,  slightly  forked.  Trias  ; Raibl,  Carinthia. 

Fleuropholis,  Egerton.  Upper  Jurassic  (English  Purbeck  Beds,  and  French 
and  Bavarian  Lithographic 
Stone).  P.  egertoni,  Wagn. 

Pholidophorus,  Ag.  (Figs. 

152,  153).  Body  shaped  like 
a carp.  Scales  thin,  deeper 
than  long  on  the  flank,  en- 
amelled, smooth  or  finely 
striated  and  serrated.  Small 
dorsal  fin  opposed  to  the  pelvic 

pair.  Caudal  fin  externally  homocercal,  deeply  forked ; 


Fin.  151. 

1‘holidopleariis  ti/im/:,  Bi-onii.  Kenper;  Raibl,  Carinthia. 
2/;)  iiat.  size  (after  kner). 


Phnlidophorus  striolaris,  Ag.  Heart,  nat.  size.  Upper 
.Jurassic  (Lithographic  Stone);  niclistartt.  d,  Clavicle; 
fr.  Frontal;  iop,  Interopercnlnni ; md,  Manrtible ; mx. 
Maxilla;  nfi.  Nasal;  op,  Opercnluiii  ; pa,  Parietal;  pmx, 
Preitiaxilla  ; pjop,  Preopercnlum  ; psph,  Parasphenoid  ; pf. 
Post-temporal ; sd,  Supraclavicle  ; so,  SnborbitaLs  ; sop, 
Suboperculuni. 


a large,  unpaired 
dorsal  scale  often  at  its  base.  Com- 
mon in  the  Alpine  Trias  of  Raibl 
(P.  hronni,  Kner)  and  Seefeld ; in 
the  Lias  of  Lyme  Regis  (P.  hechei, 

Ag.,  P.  liin- 
hatus,  Ag.), 
Whitby,  Cal- 
vados, Wiir- 
temberg,  and 
Bavaria  (P. 
g e r m a nie  ns, 
Quenst.) ; in 
the  Lithogra- 


Flfi.  153. 

PhoHdaiihorus  pusillus,  Ag 
Rhaetic ; Seefeld,  Tyrol 
Nat.  size. 


phic  Stone  of 
Bavaria  and 
France  ; in 
the  Purbeck 

Beds  of  England  and  Lower  Jura  of  the  Black  Hills,  South  Dakota. 

Isopholis,  Zittel.  As  Pholidophorus,  but  scales  of  equal  size  atid  rhombic. 
Pectoral  and  anal  fins  large.  Lithographic  Stone  of  Bavaria  and  France. 


Family  6.  Pycnodontidae.  Agassiz. 

'Irimk  laterally  compressed,  very  deep,  oval.  Notochord  persistent.  Pibs,  vertebral 
arches,  and.  spines  well  ossified.  Opercular  apparatus  incomplete,  with,  one  or  two 
branchiostegal  rays.  Preniaxilla  with  two  to  four  prehensile  front  teeth;  maxilla 
thin,  deepened  behind,  toothless  ; palatine  and  vomerine  bones  fused  together,  usually 
with  five  longitudinal,  series  of  round,  or  oval  grinding  teeth;  splenial  of  mandible 
large,  with  coronoid  process,  and  three,  four,  five,  or  more  rows  of  grinding  teeth  ; 
dentary  small  and  terminal,  fitting  in  a groove  of  the  sp>lenkd,  ami  bearing  two  to  four 
prehensile  front  teeth.  Branchial  arches  with  very  numerous,  closely  arranged,  bony 
filam.enfs.  Clavicle  broadly  ovate  at  the  lower  end.  Fin  fulcra  absent.  Pelvic  fins 
small.  Dorsal  and  anal  fins  much  extended.  Scales  deeper  than,  long,  ivifh,  a 
thickened,  ridge-like  anterior  margin.  Lower  Lias  to  Upper  Eocene. 

Gyrodus,  Ag.  (Figs.  154-157).  Trunk  completely  covered  with  scales. 
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Frontal  profile  steep,  ^'omero-palatiiie  with  five  rows  of  rounded,  bean-shaped 
teeth,  of  which  the  convex  crown  has  a rugose  border  and  mammillated  apex  ; 
the  middle  row  larger  than  the  lateral  rov's.  Splenial  with  four  rows  of 
similar  teeth  ; dentary  with  three  stout  prehensile  teeth.  Caudal  fin  deepl}’ 
forked,  symmetrical.  Common  in  the  U}jper  Jurassic  (Lithographic  Stone)  of 
Solenhofen,  Eichstiidt,  Kelheim,  Cerin  (Ain) ; also  in  the  Kimmeridgian  of 
England,  France,  and  Switzerland,  in  the  Portlandian  and  Neocomian  of 


Fio.  104. 

Head  (if  Gyrodns  macrophthabmis,  Ag.  Ujiper.  Jurassic 
(Litiiograjihic  Stone);  Kelheim,  Bavaria,  r,  Slime  canals  ; 
W,  Clavicle;  eth,  Ellimoid  ; fr,  Frontal ; md,  Mandible  ; w.r, 
I\Iaxilla;  0,  ()rbit:  o/i,  rreo]>erculum  ; pf(.  Parietal;  pfr, 
Post-frontal;  pm.>,  Piemaxilla ; pt,  I’ost-teniporals ; sc, 
Sclerotic  ring;  scl,  Opercnluin  ; sq,  Squamosal. 


France  and  Switzerland,  and  the  Tithonian 
of  Sicily.  Some  species  from  the  Litho- 
graphic Stone  {G.  fifaniiis,  Wagner)  attain 
a length  and  depth  of  1 m. 

Alicrodon,  Ag.  (Figs.  158,  159). 

Hinder  half  of  trunk  with  very  thin 


Fig.  1.55. 

diiroilitf:  lilanius,  Wagii.  Scale,  inner(a) 
and  outer  (/i)  aspects,  iiat.  size.  Kellieini. 


Fig.  1.5B. 


Gyrodus  tifanius, 
Wagn.  Palatal  plate 
with  teeth,  nat.  size. 
Kelheim. 


Fio.  1.57. 

Gyrodus  titanivs, 
Wagn.  Right  splenial 
with  four  rows  of 
teeth,  nat.  size.  Upper 
.Inra;  Kelheim. 


scales,  which  are  often  wanting.  Yomero-palatine  slender,  with  five  rows  of 
quadrate,  smooth,  and  flattened  teeth  ; between  the  large  teeth  of  the  middle 
row  the  smaller  teeth  of  the  two  inner  lateral  rows  are  alternately  pressed 


inwards.  Splenial  with  one  row  of  large,  obliquely  quadrate,  smooth  teeth, 
rvhich  is  flanked  inside  by  one,  outside  by  two  rows  of  smaller  teeth.  Caudal 
fin  slightly  forked,  symmetrical.  Common  in  the  LTpper  Jurassic  (Lithographic 
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Stone)  of  Bavaria  and  France,  and  in  the  Purbeck  Beds  of  hingland.  Earliest 


Microdon  icag/ieri,  Thiollipre.  Ui>per  .lurassic  ; Cerin,  Ain,  Frallc^".  Va  size  (after  Tliiolliea’e). 

fragments  in  the  Stonesfield  Slate  (Bathonian),  Oxfordshire.  Also  Corallian 
and  Kimmeridgian,  Hanover  and  Switzerland. 

Mesodon,  Wagner.  As  Mi cwd on,  thut  teeth  on  vomero-palatine  in  five 


Fig.  151'. 

Microdon  elegcnis,  Ag.  Vomeroptalatine  (A),  splenials  of 
mandible  (B),  and  anterior  teetli  of  mandible,  inner  view  (C), 
and  outer  view  (D),  nat.  size.  Upper  Jurassic  ; Kelheiin. 


Ano'iaoeoddS  muensteri,  Ag.  sp.  Man- 
dibular (spleiiial)  teeth  (A),  and  vomero- 
palatine  teeth,  oral  aspect  (li),  and  side  view 
(C),  nat.  size.  Greensand  ; Kelheiin. 


regular  rows,  and  the  large  teeth  on  splenial  flanked  by  three  or  four  irregular 
rows  of  smaller  teeth.  Caudal  fin  rounded  behind,  not  excavated,  il/.  liassicas, 
Egert.  sp.,  from  the  Lower  Lias  of  England,  is  the  oldest  known  Pycnodont,  the 
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genus  ranging  upwards  to  the  Lower  Cretaceous  both  in  Europe  and  North 
America.  Fine  specimens  in  the  Lithographic  Stone  of  Bavaria  and  Fi’ance. 

Mesturus,  Wagner.^  Much  resembling  Gyroclus,  but  with  more  irregular 
teeth,  rounded  caudal  fin,  and  scales  often  united  above  and  below  by  jagged 
sutures.  M.  verrucosus,  Wagn.,  from  Lithographic  Stone  of  Bavaria.  M.  leedsi, 
Sm.  Woodw.,  represented  by  fine  specimens  displaying  osteology  from  Oxford 
Clay,  Peterborough. 

Stemmatodus,  lleckel.  Small,  resembling  Microdon.  Vomero-palatine  teeth 
in  five,  splenial  in  three  rows,  all  teeth  rounded  and  not  very  unequal  in  size. 
Lower  Cretaceous ; Castellamare. 

Coelodus,  Heckel.  Hinder  half  of  trunk  scaleless.  Yomero-palatine  teeth 
with  one  median  row  of  large,  transversely  elongated,  smooth,  oval  teeth,  and 
two  lateral  rows  of  small  teeth.  One  row  in  the  splenial  dentition  relatively 
very  large,  its  teeth  transversely  elongated.  Caudal  fin  either  slightly  ex- 
cavated or  convex  mesially  and  slightly  hollowed  laterally.  Lower  Cretaceous 
of  Istria,  Dalmatia,  Southern  Italy,  and  England ; also  Cenomanian  and 
Turonian  in  Europe  and  North  America. 

Anomoeodus,  Forir  (Fig.  160).  Vomero-palatine  teeth  in  three  or  five 
longitudinal  series,  more  or  less  irregular.  Splenial  dentition  with  one  row 
relatively  large,  the  lateral  series  more  or  less  irregular,  and  not  reaching  the 
oral  border  of  the  bone.  A.  subchiratns,  Ag.  sp.,  from  Upper  Cretaceous, 
Maestricht.  A.  7nuensferi,  Ag.  sp.,  and  other  species  from  the  European 
Greensand.  Also  North  America. 

Palaeohalisfim,  Blv.  Upper  Cretaceous  ; Europe,  Asia,  and  Brazil.  Upper 
Eocene ; Monte  Bolca. 

r>/Ciiodus,  Ag.  Trunk  rather  elongated,  with  slender  caudal  pedicle  and 
forked  caudal  fin.  Dorsal  much  more  extended  than  the  anal  fin.  Scales 
thin,  absent  on  the  caudal  region.  Teeth  of  the  three  middle  rows  of  the 
vomero-palatine  rouTided,  those  of  the  two  outer  rows  somewhat  smaller  and 
elliptical.  P.  p/a/'rs.s«s,  Blv.  sp.,  from  Upper  Eocene ; Monte  Bolca.  Dentition 
in  the  Eocene  of  several  European  localities.  P.  mol'aftamensis,  Priem,  from 
Eocene,  Mokattam  Hills,  Egypt. 

Family  7.  Aspidorhynchidae.  ’Woodward.'-^ 

Verj!  slender,  elongated  fishes,  with  enamelled  rhomboid  scales  of  different  sizes. 
Snout  beak-like,  elongated,  and  pointed.  Maxilla  loose ; mandible  with  a morable 
praemandihula  presgmphgsial  bone”).  Teeth  conical,  pointed.  Branchiostegal 

rags  numerous.  Notochord  with  ring-vertebrae.  Caudal  fin  externallg  homocercal. 

Fin  fulcra  minute.  Bathonian  to  Upper  Cretaceous. 

Aspidorhynchus,  Ag.  (Fig.  161).  Thin,  slender  fishes,  attaining  a metre  in 
length,  with  enamelled  ganoid  scales,  which  are  yellow  or  brown  in  colour,  more 
or  less  rugose  externally,  and  not  remarkably  thick.  Pectoral  fin  with  very 
broad  rays,  which  are  jointed  only  in  their  distal  quarter  ; no  fulcra.  Pelvic 
fin  somewhat  behind  the  middle  point  of  the  trunk.  Anal  fin  opposed  to  the 
small  dorsal  fin.  Caudal  fin  deeply  forked,  with  delicate  fulcra.  Lower  jaw 
much  shorter  than  the  snout,  which  is  formed  by  the  mesethmoid  and  pre- 

' ]Voo(hvard,  A.  S.,  Aim.  Mag.  Nat.  Hist.  ser.  6,  vol.  XVII.  1896,  p.  1. 

- Jteis,  0.,  Ueber  Aspidorhynchus,  Bdonostomvs,  imd  Lepidostens  (Sitzungsb.  k.  liay.  Akad. 
tViss.,  matb.-jihys.  CL),  1887. 
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maxillae.  The  oldest  known  species  is  A.  crassus,  Sm.  ^\'ood.,  from  the 
Stonesfield  Slate  (Bathonian)  of  Oxfordshire.  Well-preserved  fishes  in  the 
Lithographic  Stone  of  Bavaria  (A.  acutirostris,  Blv.  sp.)  and  France;  also  in 
the  English  Purbeck  Beds  (A.  Jisheri,  Egerton). 

Belonosfomus,  Ag.  As  above,  but  mandible  almost  as  long  as  the  snout. 
Kimmeridgian  to  Upper  Cretaceous.  Fine  skeletons  in  the  Lithographic 


Aspidorliynchus  acutirostris,  Ag.  Upper  .Jurassic ; Soleiihofeii.  iop,  Iiiteroperculum  ; i)u/.  Mandible;))!.)', 
Maxilla  ; op,  Operculum  : puid,  Predeiitary  ; pop,  Preopefculum  ; pt.  Pterygoid  ; qu.  Quadrate  ; s,  Hinder 
cheek-plate ; so,  Suborbitals  ; sop.  Suboperculum. 


Stone  of  Bavaria  (B.  sphijraenoides,  Ag.,  etc.)  and  the  Cretaceous  of  Europe, 
India,  Brazil,  and  Queensland. 

Family  8.  Lepidosteidae.  Bony  pikes.^ 

Trunk  elongated,  with  thick,  enainelled  rhombic  scales.  Snout  much  produced,  the 
very  long  maxilla  divided  by  a series  of  vertical  sutures  into  several  pieces,  which  bear 
large  pointed  laniary  teeth  and  small  clustered  teeth  ; premaxilla  short  and  toothed. 
Vomer  double.  Vertebral  column  completely  ossified,  bent  upwards  into  the  superior  lobe 
of  the  tail;  vertebrae  opisthocoelous.  All  fins  with  biserial  fulcra.  Dorsal  and  anal  fins 
very  remote,  near  the  hemi-heterocercal,  rounded  caudal  fin.  Tertiary  and  Eecent. 

Lepidosteus,  the  only  genus  of  this  family,  survives  in  the  rivers  of  the 
southern  United  States,  Central  America,  and  Cuba.  Complete  individuals 
occur  also  in  the  Eocene  and  Lower  Miocene  of  Europe  and  North  America. 
L.  atrox,  Leidy,  from  the  Middle  Eocene  Green  River  Shales  of  "Wyoming, 
attains  a length  of  U7  m. 

Order  5.  AMIOIDBI.  Liitken. 

Notochord  persistent,  or  vertebrae  in  various  degrees  of  ossification.  Opercular 
apparatus  always  complete,  with  lamelliform  branchiostegal  rays  and  a well-developed 
gular  plate.  Teeth  pointed  or  conical.  No  infraclavide.  Fulcra  present  or  absent. 
Supports  of  dorsal  and  anal  fins  equal  in  number  to  the  dermal  rays.  Caudal  fin  hemi- 
heterocercal.  Scales  very  tldn,  overlapping,  rounded  or  rhombic  at  the  hinder  border. 

The  Amioids  are  distinguished  from  the  Lepidostei  by  their  thin,  cycloid 
or  rhombic  scales,  which  are  not  articulated  with  each  other,  but  merely 

’ Eastman,  C.  R.,  Fossil  LepidosteiJs  from  the  Green  River  Shales  of  Wyoming  (Bull.  Mils. 
Comp.  Zool.  vol.  XXXVI.  p.  67),  1900.  Also  Geol.  Mag.  [4]  vol.  VII.  p.  54,  1900. 


90 


PISCES 


CLASS  I 


overlap.  Notwithstanding  their  thinness,  however,  the  scales  exhibit  the 
characteristic  structure  of  true  ganoid  scales  ; the  base  contains  bone  cells,  the 
surface  is  covered  with  enamel.  In  many  Jurassic  genera  the  vertebral 
column  consists  of  hemi-vertebrae  or  complete  rings,  but  it  is  also  often 
completely  ossified.  Contrary  to  the  arrangement  in  certain  closely  related 
bony  fishes  (Physostomi),  the  terminal  vertebrae  are  continued  some  distance 
into  the  upper  lobe  of  the  tail. 

Only  one  genus  {Ainia)  still  survives  in  the  rivers  of  the  southern  United 
States  and  Central  America.  The  order  ranges  upwards  from  the  Upper  Lias. 


Family  1.  Pachycormidae.  Duderlein. 


{Microle^ndofi  and  Cyclolepidoti,  Zittel.) 


Verfehral  axis  with  very  numerous 
Ethmoid  forming  a j)rominenf  rostrum. 


Fk;.  Ui2. 

Enthynotus  niirropodiun,  Ag.  sj).  Ujiper  Lius  ; Boll 
'Wiirtemberg.  A,  Vertebrae  (c,  Haemal  arches;  hyc 
liypocentrum  ; Neural  arches;  p,  Parapophyses 
pli\  Pleurocentrum  ; sp.  Neural  spine).  B,  .Scales. 


large  ; 


articulations.  Pectoral  fins 
in  front  of  the  anal  ; deeply 
forked  caudal  witheiongated 
fulcra  on  each  lobe.  7'. 
macropterus,  Blv.  sp.,  and 
other  sj.ecies  in  the  Upper 
Lias  of  Germany,  France, 
and  England. 

Euthynotus,  Wagner 
(Ifeterotlirissops,  Psendo- 
fhrissops,  Sauvage),  (Fig. 

1G2).  Hemi-vertebrae  ]:)re- 
sent.  Fin  fulcra  minute. 

Pelvic  fins  present;  dorsal 
fin  o] .posed  to  much  ex- 
tended anal  fin.  Scales 
rhombic,  rounded  at  the 
angles.  E.  speciosus,  Wagn., 
and  other  species  in  the 
Uj.per  Lias  of  Germany  and 
France. 

II y psoc 0 r m u s,  W a g n e r 
(Fig.  1G3).  Large  fishes,  with  very 


segments,  with  or  icithout  hemi-vMebrae. 
Brancldostegul  rays  very  numerous  {thirty 
to  forty).  Neural  spines  in  abdominal 
region  separate  from  arches.  Caudal  fin 
deeply  forked,  powerful,  only  internally 
lieterocercal.  Teeth  laterally  cornpressed, 
lanciform,  in  hvo  series,  the  largest  of  which 
are  set  in  alveoli.  Upper  Lias  to  Upper 
Cretaceous. 

Fachycorrnus,  Ag.  Large,  salmon- 
shaj.ed  fishes,  with  hemi-vertebrae  only 
in  the  caudal  region.  Operculum,  sub- 
operculum, and  suborbitals  very  large. 
Eays  of  all  the  fins  with  distant 
j.elvic  fins  absent ; short  dorsal  fin  arising 


Fli:.  1«3. 

Hiipsocorravs  insiffnis,  Wagn.  Portion  of  trunk.  Upper  Jurassic 
(LitliograiJiic  Stone) ; Eicli.stadt,  Bavaria. 


small  rhombic  scales,  much 


resembling 
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Pachyconnus,  but  with  larger  teeth,  small  pelvic  fins,  and  a much  extended 
anal  fin.  Large  teeth  rounded  in  section,  of  complex  structure.  II.  insignis, 
Wagn.,  from  Lithographic  Stone  of  Bavaria.  H.  leedsi,  Sm. 

Woodw.,  from  Oxford  Clay,  Peterborough. 

Profosphyraena,  Leidy  ^ {Erisichfhe,  Pelecopterus,  Cope), 

(Fig.  164).  Known  only  by  fragments  of  head  and  fins 
much  resembling  those  of  Ifypsocormus,  l)ut  teeth  laterally 
compressed,  and  snout  more  produced.  P.  ferox,  Leidy, 
and  other  species,  in  the  Upper  Cretaceous  of  Europe  and 
North  America.  The  teeth  were  wrongly  ascribed  to  Sauro- 
cephalus,  Harlan,  by  Agassiz. 

Family  2.  Amiidae.  Gilntliei. 

Fir:.  164. 


(Megaluridae,  Zittel ; Halecomorphi,  Cope.)  Tootii  of  Proto- 

sphyraenaferox,lije.\i\y. 

Vertebral  column  well  ossified,  and  flexed  upwards  behind  info  Ywpy  iiaes- 

a'  ^ 7 7 tricnt.  >sat.  size. 

the  upper  part  oj  the  rounded  caudal  fin.  Pleurocentra  and  hypo- 
centra  forming  complete  alternating  discs  in  part  of  the  caudal  region,  the  alternate 
discs  bearing  the  neural  and  haemal  arches.  Teeth  poiverful.  Branchiostegal  rays 
broad  cmdfew;  gular  pilate  large.  Fidcra  present  or  absent.  Scales  very  thin  and 
cycloid.  Upper  Jurassic  to  Kecent. 

Megalums,  Ag.  (Figs.  165,  166).  Verteliral  column  much  produced  into 


Megcdurus  cJegantissimns.  Wagn.  Uppar  .Turassic  ; So)eiiliofeii, 
Bavaria,  2/3  iiat.  size. 


X, 


Fig.  166. 

Megalums  polyspondylvs,  Mtiiist.  Upper  Jurassic ; Kellieiiii. 
Portion  of  vertebral  column,  nat.  size.  B.  Scales,  enlarged. 


neatli.  Recent ; South  Carolina,  hrs, 
Branchiostegal  rays  ; h.  Ceratohyal ; 
jug,  Gular  plate  ; md.  Mandible 


the  upper  caudal  lobe;  caudal  hemi-vertebrae  rather  elongated.  Fulcra 
present.  Dorsal  fin  considerably  extended,  arising  opposite  the  pelvic  fins, 

1 Felix,  J.,  Zeitsclir.  deutsch.  geol.  Ges.  vol.  XLII.  1890,  p.  279,.  — Woodieanl,  A.  Sm..  Ann 
Mag.  N.at.  Hist.  ser.  6,  vol.  XIII.  1894,  p.  510. 
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and  reaching  the  hinder  end  of  the  anal  fin  ; caudal  fin  convex  behind,  very 
large.  Several  species  in  the  Upper  Jurassic  (Lithographic  Stone)  of  Bavaria, 
Xusplingen,  and  Cerin,  and  in  the  English  Purbeck  Beds.  M.  mawsoni,  Sm. 
Woodw.  From  Cretaceous  of  Bahia,  Brazil. 

Liodesmus,  Wag.  {Lophiurus,  Vetter).  Lithographic  Stone;  Bavaria. 

Opsigonus,  Kramberger ; Amiopsis,  Kner.  Lower  Jura;  South  Dakota. 
Lower  Cretaceous  ; Dalmatia  and  Istria. 

Amia,  Linn.  {Cydurus,  Notaeus,  Ag.),  (Fig.  167).  Fulcra  absent.  Dorsal 
fin  arising  in  front  of  the  pelvic  pair  and  extending  to  the  caudal  fin.  Living 
in  North  America ; fossil  in  the  Upper  Eocene  and  Lower  Miocene  freshwater 
formations  of  Europe  and  North  America.  A.  {Notaeus)  longicauiJa,  Ag. 
(Montmartre),  A.  {Cydurus)  valenciennesi,  Ag.  (Armissan),  A.  kehreri,  Andreae 
(Messel,  near  Darmstadt),  A.  anglica,  Newton  (Isle  of  Wight). 

Pappkhfhys,  Cope.  Eocene  ; North  America. 

Family  3.  Oligopleuridae.  Smith  Woodward. 

Jkriehrae  well  ossified,  with  no  distind  pleurocentra  and  hypocentra.  Mouth 
iviile,  with  teeth  small  or  of  moderate  size.  Fulcra  present.  Scales  very  thin  and 
cycloid.  Upper  Jurassic  to  Upper  Cretaceous. 

Oligopleurus,  Thiolliere  (Fig.  168).  Teeth  very  small,  and  mandible 
pi'ominent.  Vertebral  centra  not  pitted.  Dorsal  fin  short-based,  opposed  to 


Kio.  lOS. 

uliijoplenrus  esocinus,  Tliioll.  Upijer  Jurassic  (Lithograiiliic  Stone) ; Cerin,  Ain,  France. 
1/4  nat.  size  (after  Tliiolli^re). 


anal  fin.  Caudal  fin  slightly  forked.  Scales  rather  large.  0.  esociims,  Thioll., 
from  Lithographic  Stone,  Cerin  (Ain,  France).  Other  .species  in  English 
Wealden  and  Purbeck  Beds. 

Oenoscopus,  Costa  {Attakeopsis,  Thioll.  ; Macrorhipis,  Wagn.).  Almost  as 
above,  but  vertebral  centra  with  two  lateral  pits,  and  greater  portion  of  dorsal 
in  advance  of  anal  fin.  0.  petraroiae,  Costa,  from  Lower  Cretaceous,  Pietraroja, 
Prov.  Benevento,  Italy.  Other  species  in  French  and  German  Lithographic 
Stone. 

Spathinrus,  Davis.  With  much  extended  dorsal  fin.  Upper  Cretaceous  ; 
Mount  Lebanon. 

Sub-Class  6.  TELEOSTEI.i  Bony  fishes. 

Skin  with  thin,  elastic,  cycloid  or  ctenoid  scales,  rarely  with  bony  plates.  Vertebral 
column  ossified  ; tail  internally  and  externally  homocercal.  Intermuscular  boiu’s  more 

* Bassani.  Fr.,  Descrizione  del  pesci  fo.ssili  di  Lesina  accompagiiata  da  appunti  su  alcune  altre 
ittiofaime  cretacee  (Denksclir.  k.  Akad.  Wi.s.s.  Wien,  inatli.-naturw.  Cl.  vol.  XLV. ),  1882. — Kner,  R., 
Ueber  einige  fossile  Fische  aus  Kreiile  inid  Tertiiir.schicliten  von  Coinen  nnd  Podsnded  (Sitzung.sb. 
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or  less  numerous.  Fin  fulcra  absent.  In  the  living  forms — optic  nerves  complet el g 
decussating,  conus  arteriosus  of  the  heart  with  only  two  valves,  and  intestine  without  a 
spiral  valve. 

The  distinction  between  the  bony  fishes  and  ganoids  consists  partly  in  the 
dermal  skeleton  and  partly  in  anatomical  characters,  which  cannot  usually  be 
verified  by  palaeontologists.  The  two  sub-classes  are  most  closely  related  to 
each  other,  and  the  line  of  demarcation  between  the  Amioidei  and  the  Physo- 
stomi  is  often  almost  obliterated.  This  applies  specially  to  the  scales,  which 
have  already  become  thin  and  elastic  in  the  former,  and  are  not  distinguishable 
in  any  respect  from  those  of  certain  Physostomi,  in  which  a thin  calcified 
layer  with  bone  cells  happens  to  be  developed  beneath  the  outer  smooth  layer. 
Among  Teleostei  the  internal  skeleton  is  often  characterised  by  its  very  dense 
structure  and  the  sparse  development  of  bone  cells.  The  caudal  fin,  unlike 
that  of  the  ganoids,  is  usually  both  internally  and  externally  homocercal.  In 
the  more  specialised  forms  the  pelvic  fins  are  sometimes  displaced  far  forwards, 
while  the  rays  of  the  dorsal  fins  are  sometimes  articulated,  sometimes  spinous. 

The  Teleostei  are  divided  into  the  two  orders  of  Physostomi  and 
Physoclysti. 


Order  1.  PHYSOSTOMI.  Muller. 

Air  bladder,  when  present,  connected  by  a tube  with  the  oesophagus.  Pelvic  Jins 
abdominal ; all  Jin  rays  articulated,  except  the  foremost  rays  of  the  p>ectoral  and  dorsal 
fins,  ivhich  are  sometimes  spinous.  Scales,  when  present,  usually  cycloid. 

Of  all  the  bony  fishes  the  Physostomi  approach  most  closely  the  ganoids, 
especially  the  Amioidei.  They  probably  originated  from  the  latter  in  the  Trias, 
becoming  specialised  in  their  own  line,  and  soon  considerably  exceeding  their 
ancestors  in  diversity  of  form.  They  already  exhibit  an  important  develop- 
ment in  the  Upper  Jurassic  and  Lower  Cretaceous,  but  attain  their  widest 
distribution  in  the  Tertiary  and  at  the  present  day.  They  live  partly  in  the 
sea,  partly  in  fresh-waters. 


Family  1.  Leptolepidae.  Smith  Woodward. 

Trunk  elegantly  fusiform.  Head  with  delicate  membrane  bones  and  well-developed 
cheek  plates,  more  or  less  enamelled  ; parietuls  7neeting  in  middle  line,  flanked  by  large 
squamosals  ; premaxilla  very  small ; maxilla  large,  entering  the  gape,  loosely  attached 
and  with  two  supramaxillaries ; teeth  small  and  conical.  Opercular  apparatus 
complete.  A single  dorsal  fin.  Scales  ganoid  and  with  bony  layer.  Upper  Lias  to 
Lower  Cretaceous. 

Leptolepis,  Ag.  (Tharsis,  Giebel),  (Pigs.  169,  170).  Usually  small  fishes. 
Dorsal  fin  in  front  of  anal  fin,  which  is  not  much  extended.  Dentary  bone 
sharply  rising  into  a thickened  obtuse  elevation  near  its  anterior  end.  Teeth 

k.  Akait.  Wiss.  Wien,  matli.-naturw.  Cl.  vols.  XLVIII.,  LVI.). — Kner  and  Steindachner,  Neue 
Beitriige  zur  Keuntuiss  der  fossilen  Fische  Oesterreiclis  (Denkschr.  Akad.  Wien,  vol.  XXI.),  1863. 
— Kramberger,  D.  6r.,  Die  eociinen  Fische  der  Baschker  Schichteu  ( Palaeontogr.  vol.  XXIV.). — Die 
jungtertiare  Fischfauna  Croatiens,  I.,  II.  (Beitr.  Palaeont.  Oesterr.-Ungarns,  vols.  II.,  III.),  1882-83. 
— Meyer,  H.  i\,  Palaeontogr.  vols.  II.,  VI. — Savrcage,  II.  E.,  Bull.  Soc.  geol.  France,  ser.  3,  vols. 
II.,  III.,  VI.,  XI. — Steindachner,  F.,  Beitriige  zur  Kenntniss  der  fossilen  Fischfauna  Oesterreiclis, 

l.  -IV.  (Sitzungsb.  Akad.  Wien,  vols.  XXXVIL,  XXXVIII.,  XL.,  XLVIL),  1859-63.  — UWCsIeih,  A., 
Ueber  die  Fischfauna  des  tertiaren  Glarnerschiefers  (Abh.  .sclnveiz.  palaeont.  Ges.  vol.  XIII.),  1886. 
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minute.  L.  hronni,  Ag.,  and  other  comparatively  small  species  in  the  UjDper 
Lias  of  England,  France,  and  Germany.  L.  duhius,  FUv.  sp.,  L.  sprattiformis, 
Ag.  (Fhg.  170),  and  other  species  in  the  Upper  Jurassic  (Lithographic  Stone) 


of  Bavaria  and  Fh’ance ; also  from  the  English  Purbeck  Beds,  the  Lower 
Cretaceous  of  the  Isle  of  Lesina,  Dalmatia,  and  the  Wianamatta  F^'ormation  of 
New  South  Wales.  Fragments  from  King  Charles  Land,  Spitzbergen. 

Thrissops,  Ag.  Sometimes  attaining  rather  large  size.  The  short  dorsal  fin 
opposed  to  the  much  extended  anal  fin.  Ribs  very  stout.  Upper  Jurassic 
and  Lower  Cretaceous  of  Europe,  the  type  species  Ijeing  T.  formosus,  Ag.,  from 
the  Bavarian  Lithographic  Stone. 

Aefhalion,  Munster.  Lithographic  Stone  ; Bavaria. 

Family  2.  Elopidae. 

Trunk  fusiform,  and  caudal  region,  relatively  short.  Head  with  well-developed 
cheek  plates,  not  enamelled ; jaws  as  in  Clupeidae.  Opercular  apparatus  complete, 
with,  numerous  hranchiostegal  rays,  and  usually  a gular  pilate.  A single  dorsal  fin, 
without  adipose  dorsal.  Scales  thin  and  cycloid,  without  bony  layer.  Lower 
Cretaceous  to  Recent. 

Elopjopsis,  Heckel.  Gape  of  mouth  wide,  with  large  teeth.  E.  fenzli, 
Heckel,  from  Xeocomian,  Comen,  Istria.  E.  ziegleri,  v.  d.  Marck,  and  other 
species  in  the  Upper  Cretaceous  of  Europe. 

Osnieroides,  Ag.  (llhabdolepis,  v.  d.  Marck  non  Troschel ; Holcolepis,  v.  d. 
.Marck).  Salmon-shaped  fishes  with  minute  clustered  teeth,  and  very  deeply 
overlapping  .scales.  0.  lewesiensis,  Mantell  sp.,  from  Flnglish  Chalk.  Other 
species  in  the  Upper  Cretaceous  of  Mmstphalia  and  Mount  Lebanon. 

Thrissopater,  Giinther.  Gault ; LMlkestone.  Pachyrhizodns,  Dixon  (Hypsodon, 
.\g.).  Upper  Cretaceous;  Europe  and  North  America. 

Jlliacolepis,  Ag.  Upper  Cretaceous  ; Brazil.  Megalops,  Lachp.  ; Elops,  Linn. 
Eocene  to  Recent. 


Family  3.  Albulidae. 

Clupeoids  with  very  small  mouth,  and  some  inner  bones  with  grinding  teeth. 
Eranchiostegal  rays  few,  and  gular  plate  absent.  Upper  Cretaceous  to  Recent. 

Istieus,  Ag.  An  elongate  fish,  with  much  extended  dorsal  fin,  small  anal 
fin,  and  forked  tail.  Teeth  very  small.  Closely  resembling  the  existing  deep- 
sea  fish,  Bathythrissa,  Giinther.  About  three  species  in  the  Upper  Cretaceous 
(jf  AVestphalia  and  Syria. 
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Fisodus,  Owen.  Large  hemispherical  or  flattened  crushing  teeth  on  the 
parasphenoid.  Closely  resembling  existing  Albula.  Lower  and  Middle  Eocene 
of  England  and  Belgium. 


Family  4.  Ichthyodectidae.  Crook. i 


Large  extinct  predaceous  fishes,  with  a roio  of  strong  conical  teeth  fixed  in  sockets 
on  the  margin  of  the  jaws.  Upper  jaw  formed  hy  short  and  deep  ptremaxilla,  and 
long  stoat  maxilla  ; mandible  deep,  truncated  in  front,  without  any  presyniphysial 
hone.  Vomer  and  parchsphenoid  toothless;  p>alato-pterygoid  arch  with  yxitches  of 
small  teeth.  Paired  fins  composed  of  a very  broad,  anterior,  and  numerous  narrower 
rays,  finely  divided  and  articulated  quite  at  the  distal  end.  Dorsal  Jin  short  and 
remote;  anal  fin  not  much  extended  ; caudal  fin  forked.  Cretaceous. 

This  family  is  very  closely  related  to  the  existing  Chirocentridae,  of  which 
only  one  genus  (Chiro- 
centrus)  is  known,  in- 
habiting the  Indian 
Ocean. 

Portheus,  Cope 
{Xiphactinus,  Leidy  ; 

Hypsodon,  Ag.  p.p.), 

(Fig.  171).  Powerful 
fishes,  sometimes  of 
gigantic  size.  Teeth 
of  variable  size,  oval 
in  transverse  section. 

Palatine  movably 
articulated  with  eth- 
moid, with  hammer- 
shaped  thickening. 

Eye  with  ossified 
sclerotic ; three  sub- 
orbital plates.  Oper- 
culum well  developed 
and  large.  P.  molossus, 

Cope  (Fig.  171),  and 
other  species  occur  in 

the  Chalk  of  Kansas,  U.S.A.  P.  mantelli,  Xewton,  and  other 
Chalk  and  Gault  of  England,  France,  Belgium,  Bohemia, 

Fragments  also  in  Cretaceous  of  Rolling  Downs,  Queensland. 

Ichth yodedes,  Cope.  As  Portheus,  but  smaller,  and  teeth  of  uniform  size. 
Chalk  of  Kansas  and  England. 

o 

Gillicus,  Hay.  Like  the  preceding,  but  teeth  small  and 
Upper  Cretaceous ; Kansas. 

Spathodactylus,  Pictet.  Type  specimen  displaying  fins.  Xeocomian  ; 
Uoirons,  Switzerland. 


I’lG.  in. 

Head  of  Portheus  molossus,  Co]te.  Niobrara  Cretaceous  ; Fox  Cabon, 
Kansas.  1/4  iiat.  size  (after  Cope). 


species  in  the 
and  Saxony. 


fringe-like. 


C)yoJ;  A.  li..  Uebei-  einige  Kiiochenflsche  <ius  der  niittleren  Kreide  von  Kansas  (Palavontogr. 
lol.  XXXIX.),  1892.  Loomis,  L.  Ji.,  Die  Anatoniie  nnd  die  Verwandtschaft  der  Ganoid  nnd 
Knoclieufisclie  aus  der  Kreide  von  Kansas  (Palaeontoar.  vol.  XLVI.),  1900.— .S'toa/rd  .1.,  'J’eleosts 
of  the  Upper  Cretaceous  (Univ.  Geol.  Surv.  Kainsas,  vol.  VI.),  1900. 
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Family  5.  Saurodontidae.  Cope  {non  Zittel). 

Skull  laterally  comjrressed  ; jaws  powerful,  and  hearing  a single  row  of  compressed, 
kaif e-like  teeth,  with  nutrient  foramina  or  notches  below  the  internal  alveolar  border  ; 
U'  presymph.ysitd  bone  present  and  without  teeth.  Cretaceous. 

The  two  genera  constituting  this  family,  Saurocephalus,  Harlan  (non  Ag.), 
and  Sawrodon,  Hays  (JJapfinus,  Cope),  dift'er  from  the  Ichthyodectidae  in  the 
presence  of  a presymphysial  bone  and  in  the  form  and  manner  of  succession 
of  teeth.  In  the  first-named  genus  the  crowns  of  the  teeth  are  short  and 
compressed,  with  nutrient  foramina  below  the  alveolar  border  on  the  inner 
face  of  the  jaw  ; and  in  Saurodon  the  inner  margin  of  each  dental  alveolus 
is  deeply  notched.  Upper  Cretaceous;  New  Jersey  and  Kansas. 


Family  6.  Clupeidae.  Herrings. 


Trunk  elegantly  fusiform.  Supraoccipital  hone  separating  parietals,  and  otic 
region  prominent ; cheek  plates  reduced ; premaxilla  very  small ; maxilla  large, 
entering  the  gape,  with  two  supramaxillaries  ; dentition  feeble.  Opercular  apparatus 
complete,  but  few  branchiostegal  rays,  and  no  gular  plate.  A single  dorsal  fin,  nearly 
median,  without  adipose  dorsal.  Scales  thin  and  cycloid,  without  bony  layer.  Lower 
Cretaceous  to  Recent. 


Diplomystus,  Cojje.  Abdomen  compressed  to  a sharp  edge,  and  bordered 
with  large  ridge  scutes  ; back  between  the  occiput  and  dorsal  fin  armoured 
with  smaller  ridge  scutes.  D.  dentatus.  Cope,  and  other  species  finely  preserved 
in  the  Eocene  Green  River  Shales  of  Wyoming,  U.S.A.  Smaller  species  in 

^ the  Upper  Cretaceous 

of  Mount  Lebanon 
(D.  brevissimus,  Blv. 
s]).)  and  Brazil,  and  in 
the  Oligocene  of  the 
Isle  of  Wight.  Living 
in  the  rivers  of  New 
South  AVales  and 
Chili. 

Scombroclupea, 
the  small  anal  and  the 


Fig.  17i>. 

Cliqxa  vcjUricosd,  H.  v.  Meyer.  Lower  Miocene; 

near  Ulm,  Wurteiiiberg. 


Unterkirehber" 


Kner.  As  Clupea, 
forked  caudal  fin. 
S.  inacrophthabna, 
Heckel  sp.,  from 
Uj>per  Cretaceous 
of  Mount  Lebanon 
and  Comen,  Istria. 

Clupea,  Linn. 
Herrings.  (Fig. 
172.)  Abdomen 
compressed  to  a 
sharp  edge,  and 


but  finlets  spaced  out  between 


Mchita  so.nUnites,  Ileckel. 


Fig.  173. 

Lower  Olif^oceue ; 


bordered  with  large  ridge  scutes  ; no  dorsal  scutes, 
jaws  and  palatines,  larger  on  the  vomer  and  hyoid. 


Kadoboj,  Croatia  (after  Heckel). 

Teeth  minute  on  the 
Dorsal  fin  small  and 
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median.  Not  certainly  known  below  the  Upper  Eocene  of  Monte  Bolca,  near 
Verona.  Small  species  in  the  freshwater  Lower  Miocene  of  Unterkirchberg, 
near  Ulm,  Wiirtemberg. 

Alosa,  Engmulis,  Cuv.  Tertiary  and  Recent. 

Meletta,  Val.  (Fig.  173).  Small  slender  fishes  with  thick  cycloid  scales, 
which  are  marked  with  three  to  six  pairs  of  radiating  grooves.  Jaws  tooth- 
less. Ventral  ridge  scutes  large.  Tertiary  and  Recent.  Very  common  in 
the  Lower  Oligocene  (Melettaschiefer)  of  the  Carpathians,  Croatia,  Glams, 
Alsace,  etc. 

Family  7.  Salmonidae.  Salmon. 

As  Clupeidae,  but  a small  adipose  fin  behind,  the  dorsal  fin.  Upper  Tertiary 
and  Recent. 

Fossil  skeletons  of  the  existing  Mallofus  villosn.s,  Milll.,  are  very  common  in 
nodules  in  Pleistocene  Clay  on  the  coast  of  Greenland  and  in  the  glacial 
deposits  of  Canada. 

Family  8.  Osteoglossidae. 

Head  bones  much  thickened,  and  cheek  plates  robust.  MargUt,  of  up2)er  jaw  formed 
both  b)j  premaxilla  cmtd  maxilla.  Scales  large  and  thick,  comgmed  of  mosaic-like 
pieces.  Upper  Cretaceous  to  Recent. 

riiareodns,  Leidy  {Dapedoglossus,  Cope).  Laterally  compressed  deep- bodied 
fishes  from  the  Eocene  Green  River  Shales  of  AVyoming,  U.S.A. 

(?)  Brychaetus,  Ag.  London  Clay ; Sheppey.  Blethodns,  Dixon.  Cre- 
taceous England.  Anogmius,  Cope.  Upper  Cretaceous  ; Kansas. 

Osteoglossum  and  other  genera  are  large  freshwater  fishes  living  in  the 
tropics. 

Family  9.  Halosauridae.  (fiinther. 

Eel-shaped  fishes  with  ‘pectoral  and  pelvic  fins,  a short  dorsal  fin,  an  extended  a)ial 
fin  usually  conji’uent  with  the  diminutive  caudal,  and  both  head  and,  trunk  covered  ivith- 
cycloid  scales.  Margin  of  upper  jaw  formed  both,  by  premaxilla  and  maxilla.  T'erte- 
hral  centra  as  delicate  cylinders.  Lateral  line  with  luminous  organs  along  the  ventral 
border  of  the  flank.  Upper  Cretaceous  to  Recent. 

Halosaurus,  Johnson,  living  at  great  depths  in  the  ocean.  Echulnocephalus, 
W.  von  der  Marck,  an  almost  identical  genus  from  the  Ujiper  Cretaceous  of 
Sendenhorst,  West2)halia. 

Family  10.  Dercetidae.  Smith  Woodward  {Ho'plopleuridae,  Pictet  p.p.). 

Eel-shaped  fishes  with  pectoral  and  pelvic  fins,  a more  or  less  extended  dorsal  fin, 
and  separate  anal  and  caudal  fins.  Parietal  bones  large  and  in  contact  rnesially  ; 
premaxilla  forming  margin  of  upper  javo.  Vertebral  centra  as  delicate  cylinders,  tvith 
transverse  processes  bearing  the  ribs.  No  overlapgnng  scales  ; hut  paired  longitudinal 
series  of  bony  scutes.  Cretaceous. 

Dercctis,  Agassiz.  Snout  elongated  and  jiointed ; teeth  minute  and 
clustered.  Dorsal  fin  occujiying  greater  jiart  of  back,  and  ^lelvic  fins  inserted 
opposite  to  it ; anal  fin  short,  ojiposite  hinder  end  of  dorsal  ; caudal  fin  forked. 
Dermal  scutes  more  or  less  angulated  and  ornamented  with  tidiercles  or  splines  ; 
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two  dorsal  series,  two  ventral  series,  and  a paired  series  supporting  the  lateral 
line.  J).  scAifaiti'S,  Ag.  Upper  Cretaceous  ; Westphalia. 

Leptotrachelus,  W.  v.  d.  March  {Triuenaspis,  Cope).  As  Dercetis,  l)Ut  dorsal 
tin  not  occupying  more  than  middle  third  of  hack,  and  anal  fin  behind  it. 
L.  friqru'fer,  Ihct.  sp.,  and  other  s]>ecies  from  the  Cretaceous  of  the  Lebanon, 
M'estphalia,  and  South  Dakota,  U.S.A.  L.  Icwesicnsis,  iMant.  sp.,  from  English 
Chalk. 

rdargorhiindius,  v.  d.  ]\Iarck.  Upper  Cretaceous  ; Westphalia. 

SV/YdofZas,  Cope.  Premaxilla  short,  with  several  rows  of  teeth;  [)alatine 
and  mandibular  teeth  large,  numerous,  in  several  rows,  all  with  i:>ulp  cavity. 
Upper  Cretaceous;  Kansas. 


Family  11.  Enchodontidae.  Smith  Wuodward  (HoqAoplenridae,  I’ictel  p.p.). 


Eapadous  fidics  u'ith  more  or  less  fusiform  t runic.  Parietal  hones  very  small, 
separuied  by  the  supraurdpital  ; delicafe  premaxilla  extended  and  nearly  excluding  the 
rorl-lilce  maxilla  from  the  margin  of  the  upper  jaw,  which  hears  very  small  teeth; 
powerful  teeth  fused  with  the  palato-giterygoid  and  detdary  hones.  Twrtehral  centra 
robust,  none  tvitli  transverse  processes.  ../  small  adipose  fin  probably  present  behind 
the  single  dorsal  fin.  Xo  scales  ; bid  a median  series  of  dorsal  bony  scutes,  and  often 
a paired  series  of  similar  scides  supporting  the  lateral  line.  Cretaceous. 

Enchodus,  Ag.  (Eurygnedhus,  Davis  ; Ischyrocephulus,  v.  d.  Marck  ; llolcodon, 
Kramb.),  (Fig.  17-t).  'I'he  largest  and  longest  tooth  at  the  anterior  end  of  the 


IinjK'rfect  (Ipiitary  F.m-hnthis  Uwesiensis,  Mant.  sjb 

I.owcr  Clialk  : IjCwps  (aft»*r  Agassiz). 


])alatine ; large  teeth  of 
dentary  spaced,  increas- 
ing in  length  to  the  sym- 
])hysis.  External  bones 
more  or  less  tuberculated. 
Three  or  four  oval  median 
scutes  between  the  occiput 
and  dorsal  fin  ; an  adipose 
dorsal  on  the  tail ; caudal 
fin  forked.  No  jmstclavi- 
cular  plate  ; no  scutes 
along  course  of  lateral  line,  but  a recurved  booklet  on  each  side  of  the  caudal 
pedicle.  E.  lewesiensis,  IVIant.  sp.,  from  the  Lower  Chalk,  S.-E.  England. 
AVell-presei'ved  skeletons  of  other  species  in  the  Upper  Cretaceous  of  West- 
phalia and  the  Lebanon.  Fragments  in  the  LTj)])er  Cretaceous  of  North 
America,  and  Maastricht  Beds,  Holland. 

Eurypholis,  Pictet  (Saurorhamphus,  Heckel).  As  Enchodus,  but  a large 
])Ostclavicular  j)late,  and  well-developed  scutes  along  the  course  of  the  lateral 
line.  E.  boissieri,  Pictet,  from  U])per  Cretaceous  of  Hakel,  Mount  Lebanon. 
An  imperfectly  known  species,  erroneously  restored  by  Heckel  uniler  the  name 
of  Eaurorhamphus  freyeri,  Heck.,  from  Lower  Cretaceous,  Comen,  Istria. 

Cimolichthys,  J^eidy.  Largest  teeth  in  middle  of  palato-pterygoid  arcade 
semi-barbed  at  apex.  Clustered  teeth  in  mandible,  with  simply  j)ointed  larger 
teeth  at  intervals.  C.  lewesiensis,  Leidy,  from  Lower  Chalk,  S.-E.  England. 
The  semi-barbed  teeth  common  in  the  European  Chalk,  known  also  in  North 
America. 

Prionolcpis,  Egert.;  Leptecodon,  'Williston.  Upper  Cretaceous. 
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Halec,  Ag.  {Fomogiiathus,  Dixon  ; Archueogadus,  v.  d.  Marck).  Premaxilla 
very  slender,  with  minute  teeth  ; maxilla  equally  slender,  with  a few  relatively 
lai’ge  spaced  teeth  at  its  hinder  end.  Palato-pterygoid  teeth  closely  arranged, 
laterally  compressed  cones,  largest  in  the  middle  of  the  arcade.  No  dermal 
scutes,  except  a pair  of  recurved  booklets  on  the  caudal  pedicle.  //.  eupterygius, 
Dixon,  well  preserveil  in  Lower  Chalk,  S.-E.  England.  Halec  steriibergi, 
Ag.,  in  Turonian,  Bohemia.  Other  species  in  Upper  Cretaceous,  Mount 
Lebanon,  and  in  Lower  Cretaceous,  Isle  of  Lesina,  Dalmatia. 

Empo,  Cope.  Double  series  of  teeth  on  palatine,  none  barbed.  Premaxilla 
elongate,  with  one  row  of  small  teeth ; mandibular  teeth  in  two  series,  of 
which  the  outer  are  small  and  in  several  rows,  while  the  inner  are  very  large. 
Upper  Cretaceous  of  Kansas  and  S.-E.  England. 

Family  12.  Scopelidae. 

Pvemaxilla  much  extended,  excluding  maxilla  from  upper  margin  of  mouth. 
Skull  and  skeleton  as  in  Enchodontidae.  A small  adipose  fin  behind  the  dorsal  fin. 
No  air  bladder.  Trunk  naked  or  scaly,  without  bony  scutes.  Cretaceous  to 
Recent. 

Exclusively  marine  fishes,  for  the  most  part  pelagic  or  deep-sea  forms. 

Sardinioides,  v.  d.  Marck.  Teeth  minute ; maxilla  expanded  behind. 
Dorsal  fin  median  ; paired  fins  small ; caudal  fin  slightly  forked.  Scales  large, 
serrated  at  the  hinder  border.  S.  monasteri,  Ag.  sp.,  from  Upper  Cretaceous, 
Sendenhorst,  Westphalia.  Other  species  from  Mount  Lebanon. 

Sardinius,  v.  d.  Marck.  Upper  Cretaceous  ; AVestphalia.  Leptosomus,  v.  d. 
Marck.  Upper  Cretaceous  ; ^Vestphalia  and  Mount  Lebanon.  Opisthopteryx, 
Pictet  and  Humb.  Lebanon. 

Scopeloides,  Vhettstein.  Upper  Eocene  ; Canton  Glarus. 

Parascopelus,  Anapterns,  Sauvage.  Upper  Miocene  ; Licata,  Sicily. 

Ehinellus,  Ag.  (Ichthyotringa,  Cope),  (Fig.  175).  Slender  fishes  with  very 
large  pectoral  fins,  and  the  premaxillae  produced  forwards  into  a long  pointed 


IlhinelUts  fiu'catVA,  Ag.  Upper  Cretiiceous  ; Sendeuljorst,  Westphalia  (after  W.  v.  «I.  Marck). 

rostrum.  Teeth  slender  and  pointed.  Dorsal  fin  small,  in  advance  of  the 
still  smaller  anal  fin ; caudal  fin  forked.  Scales  smooth,  slightly  enlarged 
along  the  course  of  the  lateral  line.  Up])er  Cretaceous ; Westphalia,  Mount 
Lebanon,  and  Dakota. 
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Family  13.  Gonorhynchidae. 

PremaxiUa  smaller  than  maxilla,  Intt  ezclwlinr/  latter  from  marfiin  of  ajijier  jaw. 
No  adipose  dorsal  Jia.  No  air  bladder.  Scales  deeplji  overlappiiir/,  frinijed  behind 
with  short  spines.  Cretaceous  to  Recent. 

Charitosomus,  W.  v.  d.  ]\larclc.  Upper  Cretaceous ; Westphalia  and 
Lebanon. 

Notofjonens,  Cope  (Sjdienolepi.s,  Aj;.).  Freshwater  Eocene  (Green  River 
Shales);  Wyoming,  U.S.A.  U])j')er  Eocene  ; France  and  Gennanv. 

Family  14.  Cheirothricidae.  Smith  Woodward. 

Scopeloids  with,  enormously  enlarged  pelvic  fins.  Abdominal  vertebrae  with  trans- 
verse processes.  Cretaceous. 

Cheirothrix,  Pictet  and  Hund)ert  Schliiter  ; Megistopns,  Randois). 

Branchiostegal  rays  very  large,  eight  or  nine  in  number.  Pectoral  fins  compara- 
tively small  and  delicate,  with  otdy  one  ray  considerably  elongated;  the  eidai’ged 
pelvic  fins  close  to  the  pectorals,  with  about  sevetiteen  ra}’s  ; dorsal  fin  deep, 
arising  immediately  behind  the  head;  anal  fin  small;  caudal  fin  forked.  C. 
libaniens,  P.  and  II.,  from  Upper  Cretaceous,  Mount  Lebanon.  C.  guest phalicus, 
Schliiter  sp.,  from  ^\"estphalia. 


I'amily  15.  Esocidae.  Pikes. 

Trunk  elongated,  with  large  cycloid  scales.  Tremaxilla  and  maxilla  entering 
upper  border  of  mouth.  PremaxiUa,  mandible,  palatine,  and  vomer  with,  stout, 
pointed  teeth  ; maxilla,  toothless.  Dorsal  jin  remote.  Miocene  to  Recent. 

Fine  sj)ecimens  referable  to  the  existing  genus  Esox,  Cuv.,  occur  at 
Oeiungen  and  in  other  Micjcene  freshwater  formations  in  Europe. 


Family  IG.  Cyprinodontidae.  Toothed  (^rp.s 

Small  freshwater  Jishes  with  cycloid  scales.  PremaxiUa  excluding  maxilla  from 

upper  margin  of  month;  no  barbels.  Margin  of 
jaws  ami  )diarynge((l  bones  with  pennted,  teeth.  No 
anterior  vertebrae  fused  together.  No  adipose  dorsal 
jin.  Tertiary  and  Recent. 

Of  the  genera  of  this  inmWy , P rolebias,  Sauvage, 
allied  to  Jwbias,  Cuv.  (Fig.  1 7(i),  is  remarkably  com- 
mon in  the  Oligocene  and  Miocene  of  Europe. 


I'ld.  ITS. 

A'di.  LiloriiM'll.'ucl.Ty 
I rankfurt-a.-M.  Nat.  .sizp. 


Family  17.  Cyprinidae.  Carps. 

Freslncater  jishes  tcith  cycloid  scales.  PremaxiUa  excluding  maxilla  from  upper 
margin  of  mouth  ; barbels  present  or  absent.  Moidh  toothless,  but  lower  jduiryngeals 
falciform  and  bearing  one  to  three  rows  of  hollow  prehensile  teeth.  Usually  only  three 
branchiostegal  rays.  Anterior  vertebrae  fused  together,  and  air  bladder  connected 
tcith  organ  of  hearing  by  a chain  of  ossicles.  Upper  Tertiary  and  Recent. 

The  Cv])rinoids  are  numerous  in  the  fresh-tvaters  of  the  Old  'World  and 
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North  America,  but  do  not  occur  in  South  America 
fossil  species,  all  from  fresh- 
water formations,  belong 
to  the  existing  genera 
Leuciscus,  Klein  (Fig.  177), 

Tinea,  Gohio,  Barhns,  Cuv., 

Rhodens,  Aspius,  Ag.  (Fig. 

17  8),  Cyprinus,  Cobitis 
(Artedi),  Linn.,  Nemachilns, 

Cuv.,  Thi/nnichthys,  Bleeker, 
etc.  The  only  extinct 
genera,  such  as  Amyzon,  fig.  itt. 

Diasfichus,  Oligobelus,  Cope,  Scales  of  leudscus  oeninoensis,  Ag 
1.1  11  upper  Miocene;  Oeningen,  Baden 

and  others,  are  closely  Enlarged  (after  M’mkler). 

related  to  existing  forms. 

Family  18.  Siluridae.  Cat-fishes 

Scaleless  fishes,  naked  or  armoured  with,  bony  plates 
maxilla  from  upper  margin  of  mouth,  the  rudimentary  maxilla  usually  supporting  a 
barbel.  Suboperetdum  absent.  Infraclavicular  plates  present.  Anterior  p>ectorcd  fin 
ray  usucdly  a strong  bony  spine.  Anterior  vertebrae  and  air  bladder  as  in  Cyprinidue. 
Eocene  to  Recent. 

The  Siluroids  form  a very  numerous  family  of  freshwater  fishes,  ranging 
over  all  temperate  and  tropical  regions,  and  a few  sometimes  passing  into  the 
sea  round  the  coasts.  Fossil  remains  are  rare,  and  represent  fishes  closely 
resembling  those  still  surviving.  The  oldest  known  fragment  is  a portion  of 
head  (Bucklandium  diluvii,  Konig)  from  the  London  Clay  of  Sheppey.  Typical 
remains  of  Arius  occur  in  the  Middle  and  Tipper  Eocene  of  the  Hampshire 
Basin  and  Belgium.  Other  genera  are  recorded  from  the  Eocene  of  Wyoming, 
U.S.A.  {Rhiiieasfes,  Cope),  the  Lower  Pliocene  of  the  Siwalik  Hills,  India, 
and  a Tertiary  Lignite  near  Padang,  Sumatra. 

Family  19.  Muraenidae.  Eels. 

Body  much  elongated,  cylindrical  or  ribbon-shaped.  Premaxillae  fused  with 
ethmoid  and  vomer  ; upper  jaw  formed  laterally  by  the  toothed  maxilla.  Dorsal  fin 
much  extended,  often  meeting  the  anal  round  the  tail.  Pectoral  arch  not  suspended  from 
the  cranium  ; pelvic  fins  wanting.  Skin  naked,  or  with  small,  rudimentary,  cycloid 
scales.  Upper  Cretaceous  to  Recent. 

Urenchelys,  Sm.  Woodw.  With  separate  caudal  fin.  LTpper  Cretaceous  ; 
Sahel  Alma,  Lebanon,  and  English  Chalk. 

Eomyrus,  Storms.  Middle  Eocene  ; Belgium. 

Species  of  existing  genera  from  marine  Upper  Eocene,  Monte  Bolca,  and 
freshwater  Upper  Miocene,  Oeningen. 

Order  2.  PHYSOCLYSTI.  Gill. 

Air  bladder,  when  present,  not  connected  by  a tube  ivith  the  oesophagus  in  the 
adult  {except  in  certain  Beryddae).  Gills  pectinate.  Pelvic  fins  usually  far  forwards  ; 
fin  rays  articulated  or  spinous.  Scales,  when  present,  cycloid  or  ctenoid. 


Most  of  the  known 


Fig.  its. 


Pliaryngeal  bones  aiul 
teeth  of  rapa.A:,  Ag. 

Recent  (after  Heckel  anrl 
Kner). 


Premaxilla  excluding 


102 


PISCES 


CLASS  I 


Sub-Order  1.  ANACANTHINI.  Muller. 

AU  Jin  nnjs  flexiUe  and  arlintlufed.  1‘dvir  fins  jufinlar  or  ihoracic.  1‘lamingeal 
hones  not  fused  together. 


Faniily  1.  Gadidae.  ( 'ocl-fislies. 

Elongated,  fishes  with  hroad  head,  and  the  toothed  premaxiUa  excluding  the 
maxilla  from  the  upper  margin  of  the  'mouth.  Pelvic  Jins  jugular.  JJursal  fin 
extending  almost  the  whole  length  of  the  hack,  sometimes  suhdirided  into  two  or  three 
parts;  anal  fm  much  extended,  sometimes  divided  into  two.  Pcales  small  and  smooth. 
Eocene  to  Ilecent. 

Fossil  representatives  of  this  family  aie  rare.  Xemojiter/ix  troscheli,  vom 
Hath,  occurs  in  the  Upper  Eocene  slates  of  Canton  Clarus.  Hemains  of 
Phgeis,  Strinsia,  Gadus,  and  Pyrosmius  have  been  described  from  the  iVIiocene  of 
Hungary,  Croatia,  and  Sicily.  Undetermined  skulls  are  known  from  the 
London  Clay  of  She])pey. 

I'amily  2.  Pleuronectidae.  Flat-fishe.*;. 

Disc-shaped  fishes,  much  lateralhj  compressed  ami  as/immetrical,  with  hath  the 
eyes  on  one  side  of  the  head — the  upper  side  when  at  rest.  Dorsal  and  anal  fins 
ertending  almost  the  whole  length,  of  the  trunk.  Pelvic  Jins  jugular,  in  front  of  the 
pectorals.  Air  bladder  absent.  Scales,  when  present,  minute  and  ctenoid ; upper 
side  of  body  coloured,  loiver  side  colourless.  Upper  Eocene  to  Recent. 

The  hat-fishes  are  very  numerous  in  the  existing  fauna,  living  on  sandy 
coasts,  and  some  of  them  entering  the  mouths  of  rivers.  They  are  extremely 


Klti.  ]7!i. 

Soleo-  UiirhhcnjiDKi,  II.  v.  .Meyer.  Lower  Miocene;  Unterkircliberg,  near  Ulni.  Nat.  size. 


rare  among  fossils.  A small  species  of  Phomhus,  Klein,  occurs  in  the  Upper 
Eocene  of  Monte  Rolca.  Solea,  Cuv.,  is  known  from  the  Lower  Miocene  of 
Wiirtemberg  (Fig.  179). 


Sub-Order  2.  PHARYNGOGNATHI.  Muller. 

Fin  rays  articulated  or  partly  spinous.  Loieer  pharyngeal  bones  fused  together. 
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Family  1.  Scombresocidae. 

Prema.xilla  and  maxilla  forming  margin  of  upper  jaw.  Pectoral  fns  sometimes 
much  enlarged,  wing-like  ; pelvic  fins  abdominal ; dorsal  fin  remote,  opposite  the  anal 
fin;  all  fin  rai/s  articulated  and  flexible.  Scales  cycloid.  Eocene  to  Recent. 

Holosteus,  Ag.,  from  the  Upper  Eocene  of  Monte  Bolca,  and  extinct  species 
of  Belone,  Cuv.,  and  Scombresox,  Lacep.,  from  the  Miocene  of  Europe,  are 
referred  to  this  family. 


Family  2.  Pomacentridae. 

Short,  laterally  cornjrressed,  sj)iny-finned  fishes,  with  ctenoid  scales.  Dentition 
feeble.  Palatines  toothless.  Pelvic  fins  thoracic,  with  one  spine  and  five  divided  rays  ; 
dorsal  fin  extended,  with  numerous  spines;  anal  fin  with  two  or  three  spines.  Eocene 
to  Recent. 

Here  are  placed  Odonteus,  Ag.,  from  the  Upper  Eocene  of  Monte  Bolca, 
and  Priscacara,  Cope,  from  the  Eocene  Green  River  Shales  of  ’Wyoming. 


Family  3.  Labridae.  Wrasses. 


Brilliantly  coloured  fishes  with  cycloid  scales  and  thick  fleshy  lips.  Teeth  on. 
margin  of  jaws  paiverful ; palate  toothless.  United  lower 
pharyngeals  much  thickened  and  forming  a plate  beset  with 
rounded,  rarely  acuminate  grinding  teeth;  upper  pharyngeals 
visually  separate,  bearing  similar  teeth.  Eocene  to  Recent. 

The  wrasses  chiefly  inhabit  tropical  seas  at  the  present 
day. 

Phyllodus,  Ag.  (Fig.  180).  Known  only  by  pharyngeals 
bearing  smooth,  thin,  flattened  grinding  teeth.  Grinding 
surface  of  upper  plate  slightly  concave,  lower  convex. 

Teeth  arranged  in  rows,  the  middle  row  large.  Several 
layers  of  successional  teeth  usually  lie  beneath  those  in 
function.  Eocene  and  Miocene ; Europe  and  Xorth 
America. 

Xumrnopalatus,  Rouault  (Pharyngodopilus,  Cocchi),  (Fig. 

181).  Lower  pharyngeals  triangular,  covered  with  a pavement  of  numerous, 

small,  round  or  oblong  grinding  teeth, 
of  which  there  are  always  several 
superimposed  layers.  Upper  pharyn- 
geals separate,  triangular,  covered  with 
grinding  teeth.  Eocene ; Virginia. 
Miocene  and  Pliocene  ; Europe. 
Taurinichthys,  Cocchi.  Pliocene. 

Fig.  isi.  The  existing  genera  Labrus,  Artedi, 

Nurimopaiatiis  mnUidem,  jiuust.  sp.  Miocene;  Xeu-  and  Scarus,  Foi’sk.,  are  also  represented 

dorfl  a.  d.  March.  *4,  Lower  pharvngeal  with  dentition.  • ri'<  • • 

J5,  An  upper  phaiyngeal.  Xat.  size.  Upper  iertiai'ies. 


Fig.  iso. 

Phyllodus  medius.  Ag. 
Lower  pharyngeal  denti- 
tion, nat.  size.  London 
Clay  : Sheppey  (after 

Cocchi). 
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Sub-Order  3.  ACANTHOPTERI.  Muller. 

Some  of  fhc  rni/s  of  the  pelvic  ami  meiliau  fins  spinous,  not  articulateil.  Pelvic 
fins  usualhj  ailrunced  far  forwanls.  Lower  pharyngeals  separate. 

In  the  existing  f;iun;i  the  Acantho2)teri  fonii  by  far  llie  most  numerous 
groujr  of  fishes. 

Family  1.  Berycidae. 

Trunk  short,  compresseil,  ami  rather  deep,  with  ctenoid  or  cycloid  scales,  rarely 
naked.  Head  hones  ridged  to  form  large  mucous-rarities  ; orbits  large  and  lateral; 
mouth  usually  oblique,  the  jaws  and  generally  also  the  qxdate  with  small  pointed  teeth. 
Operculum  more  or  less  serrated  or  ridged.  Pelvic  fins  thoracic,  with  an  anterior 
spine  and  more  than  fire  divided  rays.  Ujjpcr  Cretaceous  to  Keceiit. 

The  living  Berycidae  are  marine  fishes,  most  of  them  inhabitating  consider- 
al)Ie  de])ths. 

HoqAop)tery.T,  Ag.  (Fig.  182).  Head  short.  Dorsal  fin  deejr,  with  a few 
spaced  spines  iti  front ; anal  fin  with  four  or  five  sjrines.  Scales  large  and 


Fic.  1S2. 

Ifo})Iopt('njs  A;;:i.ssi/ sj>.  I.owrr  I’laiicr  ; Welilowitz.  Boliemin.  Dat.  size  (aftor  Fritscli). 


ctenoid.  Common  in  the  Upper  Cretaceous.  II.  leicesiensis,  Mant.,  from  the 
English  Chalk,  and  other  species  original!}’  referred  to  the  surviving  getius 
lieryr. 

Sjdienorephalus,  Ag.  Upper  Cretaceous,  Westphalia.  Pycnosterinx,  Heckel. 
Upper  Cretaceous,  Mount  Lebanon. 

The  two  surviving  genera,  Holocentrnm  and  Myripristis,  Cuv.,  are  repre- 
sented by  extinct  sj)ccies  in  the  Uj)])er  Eocene  of  Monte  Bolca. 


Family  2.  Percidae.  Perches. 

Trunk  elongated,  with  ctenoid  scales.  Premaxilla,  mandible,  vomer,  and  palatine 
with  pointed  teeth  ; si.r  or  seven  branchiostegal  rays.  Pelvic  fins  thoracic  vnth  an 
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anterior  spine  and  not  more  than  five  divided  rays  ; one  or  two  dorsal  fins,  the  fore- 
most part  with  long  spines.  Eocene  to  Recent. 

The  perches  are  predaceous  fishes  of  the 
tropical  and  temperate  seas  and  fresh-waters. 

Numerous  fossil  representatives  occur  in  the 
Tertiary  formations  of  Europe  and  North 
America.  Some  belong  to  extinct  genera,  such 
as  Paraperea,  Sauvage,  Smerdis,  Ag.  (Fig.  183), 

Acanus,  Ag.,  Mioplosus,  Cope,  and  Erisrna- 
topterus,  Cope.  Others  have  been  referred 
to  the  existing  genera  Serranus,  Pelates,  Dales,  Gerres,  Lahrax,  and  Latcs,  Cuv. 


ilG.  1S3. 

Smerdis  minutus,  Ag.  Oligoceue  ; 
Provence.  Nat.  size. 


Aix, 


Family  3.  Sparidae.  Sea-breams. 


Brighthj  coloured,  rather  deep-hodied  fishes,  with  very  delicately  serrated  ctenoid 
scales.  Margin  of  jaws  provided  in  front  with  conical  or  cutting  teeth  of  different 
shapes,  which  are  usually  followed  behind  hy  several  rows  of  round  or  oral  grinding 
teeth;  palatine  and  vomer  toothless.  Pelvic  fins  thoracic,  with  one  spine  and  five 
divided  rays;  dorsal  fin  single,  the  anterior  spinous  part  almost  similar  to  the 
posterior  soft  part ; anal  fin  with  three  spines.  Cretaceous  to  Recent. 


The  sea-breams,  which  are  easily  recognised  by  their  peculiar  dentition, 
live  at  the  present  day  in  the  tropical  seas,  feeding  es])ecially  on  Mollnsca 
and  Crustacea,  which  they  crush  with 
their  teeth. 

Sparnodus,  Ag.,  occurs  in  the  Upper 
Eocene  of  Monte  Bolca.  Sargus,  Cuv., 

Trigonodon,  Sismonda  (Fig.  184),  and 


Fig.  184. 


Fig.  185. 


Premaxillae  of  Sargns,  outer  (.4)  and  inner 
(P>)  views.  Recent ; Mediterranean.  Nat. 
size. 


Right  lu-eniaxilla  of  Chrysophrys  aurata. 
Linn.  Inner  aspect.  Recent ; Mediter- 
ranean. Nat.  size. 


Chrysophrys,  Cuv.  (Capitodus,  Miinst.),  (Fig.  185),  range  from  the  Miocene  to 
existing  seas. 

Stephanodus,  Zittel.  Cutting  teeth  from  Upper  Cretaceous,  Liliyan  Desert. 


The  families  Pristipomatidae,  Scorpaenidae,  Teuthididae,  Xiphiidae,  and 
Chaetodontidae  are  represented  in  the  Tertiaries  by  fishes  scarcely  differing 
from  the  surviving  forms. 


Family  9.  Palaeorhynchidae. 

Elongated,  low,  and  laterally  compressed  fishes.  Snout  produced  into  a long 
beak ; jaws  toothless  or  with  very  small  denticles.  Vertebrae  long  and  slender ; 
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I-'lri.  1S7, 

l.riudi'jiva  (.Uiriirhrlinn)  riJtin'siitiiu!:.  A^'.  Uplif'r  Eocene  ; Matt,  near  Glarus. 

A,  Head.  /;,  Portion  of  trunk.  Nat.  size  (after  M'l'ttsteiTj). 

Gape  of  moiifli  wide,  jaws  and  palatine  hones  with  potverfal  roniraJ  feefh.  Dorsal 


spinous  processes  and.  ribs  delicate.  Pelvic  fins  thoracic,  with  several  rays  ; dorsal 
fin  extendiny  from  the  occiput  to  the  tail;  anal  fm  extendi ny  from  the  antts  to  the 
cleft  caudal  fin.  Eocene. 

The  tM-o  sufficiently  tvell-known  geiieni  Palueorhynchus,  Blv.,  and  llemi- 
rhynchus,  Ag.,  occur  abundantly  in  the  Middle  Eocene  Calcaire  Grossier  of 


P’lG.  ISO. 

Viihie’irh]inrlni<  :'atrli,  Kranili.  sp.  I’liper  Eocen  ■ ; H.ajcza.  (ialicia.  i a nat.  size. 

Paris,  the  Upiier  Eocene  sandstone  of  Galicia,  in  the  black  slates  of  Giants, 
and  near  Puchsweiler  in  Alsace.  P.  ylarisianus,  Blv.,  If.  deshaycsi,  Ag.,  ami 
P.  zitteli,  Krandj.  sp.  (Fig.  18G). 

Family  10.  Trichiuridae. 

PJonyatcd  and  hdercdty  compressed , aln/ast  r/hhon- shaped  jircdaceous  fishes. 
A n 
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and  anal  fins  much  extended  with  unarticulated  spines;  pelvic  fins  sometimes  rudi- 
mentary or  wanting.  Upper  Eocene  to  Recent. 

The  Trichiuridae  are  predaceous  fishes  of  the  tropical  and  sub-tropical 
seas,  living  both  near  the  coasts  and  also  in  deep  water.  Several  well-marked 
fossil  forms  occur  in  the  Eocene  and  Miocene. 

Extinct  species  of  the  existing  Lepidopus,  Gouan  (Anenchelum,  Rlv.,  Lepido- 
pides,  Heckel),  are  found  in  the  black  slates  of  Glarus  (Fig.  187),  in  the 
Menilite  shales  of  the  Carpathians  {L.  carpathicus,  Kramb.),  and  in  the  Upper 
Miocene  of  Sicily  and  Tuscany. 

Trichiurichthys,  Hemithyrsites,  Sauvage.  Upper  Miocene  ; Licata,  Sicily. 


Family  11.  Acronuridae. 


Trunk  deep  and  laterally  compressed,  covered  with  small  scales.  The  tail  in 
adult  examples  provided  with  one  or  several  bony  plates  or  spines.  Jaws  with  a row 
of  cutting  teeth.  Anal  fin  with  three  spines.  Eocene  to  Recent. 


The  living  genera  dwell  chiefly  in  the  vicinity  of  coral  reefs. 

The  existing  genera  Acanthurus,  Forsk.,  and  No  sens,  Commerson,  are 
recorded  from  the  Upper 
Eocene  of  Monte  Bolca ; the 
former  also  fi’om  the  Calcaire 
Grossier  of  Paris  and  the 
Miocene  of  Vienna. 

Aulorhamphus,  Zigno 
(Calamostoma , Steind.  non 
Ag.).  Eocene. 


Family  12.  Carangidae. 
Horse-mackerels. 


Trunk  laterally  compressed, 
deep  or  elongated,  naked  or  with 
small  scales.  Teeth  conical. 
Spinous  portion  of  the  dorsal 
fin  shorter  than  the  soft  portion  ; 
pelvic  fins  thoracic,  sometimes 
rudimentary  or  absent.  Eocene 
to  Recent. 


Marine  predaceous  fishes 
of  the  tropical  and  temperate 
zones,  common  in  Tertiary 
formations. 

Plafax,Ci\Y.  Fossil  in  the 
Upper  Eocene  of  Monte  Bolca 
and  in  the  Crag  (Lower  Plio- 
cene) of  Norfolk  Recent. 

Z an  cl  u s,  C o m m e r s. 
Eocene  and  Recent. 

Semiophortis,  Ag.  (Fig.  188). 


Fig.  18S. 

Semiophortis  velifer,  Ag.  Upper  Eocene  ; Monte  Bolca. 

1/.2  nat.  size  (after  Agassiz). 

Upper  Eocene ; Monte  Bolca  and  Belgium. 


Other  genera  with  extinct  representatives  are  the  following  : — Amphistium, 
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Ag.,  J'omer,  Cuv.,  Caranx,  Cuv.,  Camngopsis,  Ag.,  LicJiia,  Cuv.,  Ihutor,  Ag., 
'Trachinotus,  L;ic6]).,  Seriohi,  Equula,  Cuv.,  Acanihuneinus,  Ag.,  etc. 

Family  13.  Coryphaenidae. 

Trunk  laterally  compressed.  Teefh  small  and  conical  or  wanting.  Dorsal  fin 
e.rfended,  without  spines.  Flocene  to  Recent. 

Here  is  i)laced  the  genus  Mene,  Lacep.  (Gasteronenius,  Ag.),  witli  extinct 
species  in  the  Upper  Eocene  of  Monte  Rolca. 

Family  14.  Scombridae.  ^luckerels. 

'Trunk  elongated,  naked  or  with  small  scales.  'Teeth  conical.  Pelvic  fins  thoracic  ; 
two  dorsal  fins,  the  hinder  usuallg  consisting  of  separate  tufts.  Flocene  to  Recent. 

'Thgnnus,  Cuv.  The  existing  tunny.  iMostly  large  cylindrical  fishes, 
covered  Avith  small  scales.  Anterior  dorsal  fin  with  tAvelve  to  fourteen  spines, 
which  are  not  remarkably  elongated  ; six  to  nine  small,  separate,  tufted  fins 
behind  the  posterior  dor.sal  fin.  Teeth  small.  Several  s]>ecies  in  the  Upper 
Eocene  of  IMonte  Rolca,  the  INIiocene  of  Oran,  Algeria,  and  the  Pliocene  Crags 
of  Belgium  and  England. 

The  genera  Palimphi/es,  Ag.  ; Isurichtlnjs,  AVoodw.  ; Opisthoniyzon,  Cope 
(allied  to  Echeneis,  Art.),  occur  in  the  black  slates  of  Olarus  ; Orajnus,  Cuv., 
in  the  Upper  Eocene  of  Monte  Rolca;  Megalolepis,  Kramb.,  in  the  Lower 
Mcnilite  shales  of  Raschka  in  Galicia.  The  existing  genera  Scomber,  Art., 
Euxis,  Cuv.,  are  represented  in  the  Miocene  of  Croatia,  and  Cghium,  Cuv., 
in  the  Eocene,  Oligoccne,  and  Miocene. 

The  families  Cyttidae,  Trachinidae,  Lophiidae,  Cataphracti,  Cottidae, 
Bleniidae,  and  Gobiidae  have  very  few  fossil  representatives  in  the  Tertiaiy. 

The  earliest  members  of  the  families  Mugilidae,  Sphyraenidae,  and 
Atherinidae  occur  in  the  Upper  Cretaceous  of  England,  Colorado,  and  New 
.Mexico  (CaUnnopleurus,  Dixon;  Sgllaemus,  jlpsopelix,  I’ehjcorapis,  Cope). 
Sphijraena , Rloch,  Jlhamphognath us,  Ag.,  Mesogastcr,  Ag.,  and  Atherina,  Linn., 
occur  in  the  Uj)per  Eocene  of  Monte  Rolca;  Mugil  princeps,  Ag.,  in  the  Upj)er 
Eocene  of  Aix-en  Provence. 


Family  25.  Aulostomidae.  Flute-mouth.<. 

Elongated  marine  fishes,  with  elongated  tube-shaped  snout  and  remote  dorsal  fin. 
Occiput  morablji  articulated  with  the  vertebral  column;  teeth  small.  Spines  little 

developed.  Pelvic  fins  abdominal  or 
thoracic.  Scales  small  or  absent.  Plocene 
to  Recent. 

At  the  present  day  the  Aulostomes 
chiefly  inhabit  tropical  seas.  Fistw- 
laria,  Linn.,  and  Aulostoma,  Lac4p.,  and 
the  extinct  genera  Urosphen,  Ag.,  and 
Phamphosus,  Ag.,  occur  in  the  U]>per  Eocene  of  Monte  Rolca.  The  small, 
dorsally  armoured  genus  Amphisgle,  Klein,  which  still  survives,  characterises 


Fio.  ISR. 

Anijihisyfe  lu  inrirhsi,  HpcUpI.  Upper  Eocene 
Krakowiza,  Carpathians.  Nat.  size  (aft**r  Heckel). 
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the  Upper  Eocene  Menilite  shales  of  Galicia  (Fig.  189),  and  the  Meletfa  shales 
in  Upper  Alsace  and  the  Vienna  Basin. 

Family  26.  Blochiidae. 

Elongated  fishes  mth  very  long  beak- shaped  snout,  which  is  formed  by  the  equally 
produced  and  finely  toothed  jaws.  The  entire  trunk  covered  with  cordiform  or 
rhombic  bony  scales,  which  are  mostly  keeled  and  overlap  each  other.  Pelvic  fi)is 
small,  beneath  the  pectoral  pair ; dorsal  fin  arising  at  the  occiput  and  extending 


Fig.  no. 

BlocMus  longirostris,  Volta.  Upper  Eocene  ; Monte  Bolca.  i/,j  nat.  .size  (after  Agas.siz). 


cdmost  to  the  caudal  fin,  composed  of  a spaced  series  of  long  spines;  anal  fin  also 
much  extended  and  consisting  of  similar  spines  ; caudal  fin  large.  Eocene. 

The  only  known  genus  is  Blochius,  Volta  (Fig.  190),  from  the  Upper 
Eocene  of  Monte  Bolca. 


Sub-Order  4.  LOPHOBRANCHII.  Cuvier. 

Gills  arranged  in  tufts  on  the  branchial  arches  and  protected  by  an  operculum. 
Snout  with  tubular  extension,  and  jaws  toothless.  Pelvic  fins,  often  cdso  the  ancd 
and  caudal  fins  wanting.  Skin  armoured  with  thin  bony  plates. 

Only  very  few  fossil  representatives  of  the  two  families  of  this  remarkable 
group  are  known.  The  elongated  Solenostomidae,  in  which  all  the  fins  are 
developed,  have  an  Eocene  forerunner  in  the  genus  Solenorhynchus,  Heckel, 
from  Monte  Postale.  Extinct  species  of  Siphonosto7na,  which  is  still  common 


Fig.  191. 

Siphonostomo.  albyi,  Sam-age.  Upper  Miocene  ; Licata,  Sicily  (after  Sauvage). 


in  the  Mediterranean,  also  occur  in  the  Upper  Miocene  of  Licata,  Sicily 
(Fig.  191),  and  of  Tuscany.  Several  Tertiary  forms  of  Syngnathidae  are 
known  ; Syngnathus,  Pseudosyngnathus,  and  an  extinct  genus  Calamostoma,  Ag., 
occur  in  the  Eocene. 

Sub-Order  5.  PLECTOGNATHI.  Cuvier. 

Skin  covered  with  roughened  scales,  bony  spines  or  qdates,  rarely  naked.  Skeleton 
incompAetely  ossified.  Maxillae  and  premaxillae  fused  together  into  a solid  beak. 
Gills  pectinate.  Pelvic  fins  wanting  or  represented  by  spines ; dorscd  fin  with 
articulated  rays  opposed  to  the  anal  fin. 
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Eaiuily  1.  G-ymnodontidae.  CuviLT. 


Trunk  short  and  deep,  naked  or  covered  with  honi/  spines.  Jaws  beak-shaped, 
ivith  a catting  dental  plate  above  and  below,  either  undivided  or  in  right  and  left 
halves.  No  dorsal  spines.  Eocene  to  Eecent. 


Fossil  renniins  of  this  family  are  very  rare.  Large  jaws  of  Orthaguriscus 
have  been  found  in  the  Oligocene  of  Belgium.  Diodon  occurs  in  the  Eocene, 
Oligocene,  and  Miocene;  Gginnodus  in  the  Miocene; 
Heptadiodon  in  the  LIpper  Eocene  of  Monte  Postale. 

Family  2.  Sclerodermidae.  Cuvier. 

Jaws  with  a small  number  of  separate  teeth.  Skin  with 
scales  or  roughened.  Dorsal  spines  asuallg  present.  Eocene 
to  Becent. 

The  existing  genera  Ostracion  and  Batistes  (Proto- 
balistum,  Massal.)  have  rej)resentatives  in  the  Upper 
Eocene  of  Monte  Bolca.  The  extinct  genera  Acantho- 
denna  and  Aranthopleunis,  Ag.,  (jccur  in  the  Upj)er  Eocene 
black  slates  of  Glams.  The  teeth  described  as  Ancistrodon,  Boemer  (Fi<r 
192),  from  the  Upper  Cretaceous,  Flocene,  and  Oligocene,  may  belong, 
least  in  part,  to  the  pharyngeal  dentition  of  Scleroderms. 


Kig. 

IMiaryngcal  teeth.  -1,  An- 
ristrndotilihiiciis,  Zitt.  Upi)er 
Chalk  ; Gasr  Dachl,  Libyan 
Desert.  />,  A iic  istrodo  n 
((riiwfus,  Gervais  sp.  Eocene  ; 
.Mokattam,  near  Cairo  (after 
Dames). 


at 


Range  and  Distribution  of  Fossil  Fishes. 

Notwithstanding  the  a})])arently  favourable  circumstances  for  the  preserva- 
tion of  fishes  due  to  their  aqueous  habitat,  their  geological  history  is  still  very 
imperfectly  known.  Complete  skeletons,  it  is  true,  are  rather  numerous  in 
clayey,  calcareous,  or  marly  shales,  which  were  laid  down  as  tine  mud  on  the 
bottom  of  former  lakes  and  near  the  shore  in  seas.  On  the  other  hand,  in 
rocks  of  coarser  grain  (sandstone),  in  very  many  shore  dej)osits,  and  also  in 
deep-sea  limestones,  there  are  usually  oidy  isolated  teeth,  scales,  dermal 
plates,  vertebrae,  scattered  bones  of  the  skeleton,  and  otolites,  which  are 
extremely  difficult  to  determine.  In  very  many  marine,  lacustrine,  and 
Huviatile  deposits,  fish  remains  are  almost  completely  wanting,  so  that  the 
formations  rich  in  fossils  are  usually  se])arated  from  each  other  by  a series  of 
strata  which  represent  long  periods  of  time. 

The  oldest  undoubted  traces  of  fishes  both  in  Europe  and  North  America 
occur  in  rocks  of  Silurian  age.  They  are  found  in  the  Ludlow  Bone-bed,  in 
the  light,  dolomitic,  fissile  limestone  of  the  island  of  Oesel  in  the  Baltic,  and 
in  sandy  shales  in  Podolia  and  Galicia.  They  are  also  found  in  the  Onondaga 
Grou])  of  Pennsylvania.  The  determinable  forms  are  all  Selachii  and  jwimi- 
tive  Ostracodermi  (Coelolepidae,  Pteraspidae,  and  Cephalaspidae). 

In  the  Devonian  era  fishes  begin  to  attain  a great  development,  and  are 
sometimes  discovered  in  a remarkal)le  state  of  preservation,  especially  in  the 
Old  Bed  Sandstone  of  Great  Britain,  the  Russian  Baltic  provinces,  Podolia, 
and  Galicia,  and  in  the  corresponding  formations  of  North  America.  Scattered 
fish  remains,  such  as  plates  of  Ostracodermi  and  spines  of  Selachii,  also  occur 
in  the  uppermost  stages  (F,  G)  of  the  Silurian  basin  of  Bohemia,  and  in  the 
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Devonian  of  the  Eifel,  Nassau,  AA'estphalia,  and  Belgium.  Gigantic  Arthrodires 
{Dinichthys,  Titanichthys,  Biplognaihus)  and  Selachii  are  remarkably  abundant 
in  the  Middle  and  Upper  Devonian  ;of  Ohio,  AA^isconsin,  and  New  York. 
The  Devonian  fish  fauna  consists  of  Arthrodires,  Ostracoderms,  many  Ganoids 
(Crossopterygii  and  Heterocerci),  Dipnoans  (Ctenodipterini),  and  Selachians 
(Pleuropterygii,  Acanthodii,  Holocephali). 

The  fishes  of  the  Carboniferous  System  are  obtained  partly  from  the 
marine  Carboniferous  Limestone,  partly  from  the  shales  and  sandstones  of  the 
productive  Coal  Measures.  The  enormous  development  of  the  Selachii,^  of 
which,  however,  only  teeth  and  fin  spines  are  commonly  preserved,  sharply 
distinguishes  the  Carboniferous  fish  fauna  from  that  of  the  Devonian  jieriocl. 
The  Cochliodontidae,  Psammodontidae,  and  Petalodontidae  are  almost  ex- 
clusively confined  to  the  Carboniferous  Limestone,  while  the  Cestraciontidae 
are  also  well  represented ; the  Acanthodians  and  Pleuropterygians  continue, 
the  Pleuracanthidae  begin.  The  heterocercal  Ganoids  are  the  principal 
associates  of  the  Selachii  ; the  Crossopterygii  and  Ctenodipterini  are  still 
present,  but  in  diminished  numbers. 

The  fishes  of  the  Permian  system  are  closely  similar  to  those  of  the  pro- 
ductive Coal  Measures.  They  occur  in  the  Bothliegenden  of  the  Saar  Basin, 
Bohemia,  Saxony,  Silesia,  and  France  ; in  the  Magnesian  Limestone  of  England; 
in  the  Kupferschiefer  of  Thuringia  and  Hesse  ; and  in  the  probably  contempor- 
aneous strata  of  Texas  and  New  Mexico.  The  Heterocerci  are  by  far  the  most 
numerous.  Of  the  Crossopterygii,  Coelacanthus  and  Megalichthys  alone  survive  in 
Europe.  Among  the  Dipnoi,  the  genera  Ctenodus  and  Sagenodus  are  especially 
widely  distributed.  In  comparison  with  the  Carboniferous  fish  fauna,  that  of 
the  Permian  period  is  noticeably  destitute  of  Selachii.  Here,  however,  the 
remarkable  Pleuracanthidae  attain  their  maximum  development,  and  are 
associated  with  a few  Cochliodontidae  (Menaspis),  Petalodontidae  (Jcuiassa), 
and  Acanthodidae. 

The  abrupt  break  in  development,  which  is  observable  in  most  sections  of 
the  animal  and  plant  world  at  the  close  of  the  Palaeozoic  epoch,  is  also 
conspicuous  among  the  fishes,  although  the  Triassic  fish  fauna  exhibits  many 
resemblances  to  that  of  the  Permian.  Among  Selachii,  the  Pleuracanthidae, 
Cochliodontidae,  and  Petalodontidae  are  wanting ; the  Plagiostomi,  on  the 
other  hand,  are  well  represented.  Teeth  and  fin  spines  of  the  Cestraciontidae, 
for  example,  are  very  numerous  in  the  Muschelkalk  and  uppermost  Keuper. 
The  occurrence  of  heterocercal  scaly  Ganoids  of  the  family  Palaeoniscidae,  as 
well  as  the  persistence  of  a few  Crossopterygians,  is  indeed  reminiscent  of 
Palaeozoic  times ; but  the  most  numerous  and  best  preserved  Triassic  fishes 
belong  to  the  enamel-scaled  Lepidostei,  of  which  the  Permian  system  affords 
only  a single  genus  {Acentrophorus).  Among  the  Dipnoi  the  persistent 
Ceratodus,  represented  principally  by  teeth,  plays  an  important  part.  The 
Teleostei  are  already  represented  by  some  small  Clupeoids  (Megulopterus). 

The  fish  fauna  of  the  Lias  is  a direct  continuation  and  further  development 
of  that  of  the  Trias.  No  less  than  152  species  were  described  by  Agassiz  and 
Egerton,  and  of  these  79  occur  only  in  the  Lower  Lias  of  Lyme  Regis  in 
Dorset.  The  Middle  Lias  contains  few  fishes  ; but  the  Posidonia  shales  and 
bituminous  limestone  of  the  Upper  Lias  e in  Swabia  and  Franconia,  as  well  as 

1 Jlay,  <).  F.,  The  Chronological  Distribution  of  the  Elasmobranch.s  (Traus.  Anier.  Phil.  Soc. 
vol.  XX.),  1901. 


PISCES 


CLASS  I 


] ]-2 

the  corresponding  strata  of  Werther,  near  Halle,  the  Dejjartments  of  Calvados, 
Yonne,  and  Cote-d’Or  in  France,  and  of  Ilminster  and  Whitby  in  England, 
again  yield  a considerable  number  of  s])ecies.  The  Selachians  persist  in 
undiminished  numbers.  Undina  gulo,  Egerton,  from  Lyme  Kegis  represents  the 
Coelacanthidae,  Choudrosfeus  the  cartilaginous  ganoids.  The  majority  of  the 
Liassic  fishes,  however,  belong  to  the  scaly  Ganoids  of  the  order  Lepidostei, 
though  a few  genera  of  the  heterocercal  Palaeoniscidae  still  survive.  A new 
element  in  the  Liassic  fish  fauna  is  formed  by  the  thin-scaled  Amioids,  in 
which  the  vertebral  column  is  still  bent  upwards  to  the  upper  lobe  of  the  tail, 
and  remains  incompletely  ossified.  A single  species  from  the  Lower  Lias  of 
England  (Mesudoii  Uassicits,  Eg.)  indicates  the  first,  appearance  of  the 
Fycnodontidae.  Among  bony  fishes  a few  small  Clupeoids  (Lcptolepis)  may 
be  mentioned.  Cerafodas  and  I’holidophorus  are  present  in  the  Lower  Jura  of 
the  Western  L^nited  States. 

In  the  Middle  Jura  shaly  deposits  with  well-preserved  fish  skeletons  are 
wanting.  Our  knowledge  of  the  fish  fauna  of  the  period  is  thus  confined 
to  detached  teeth,  fin  sj)ines,  bones,  and  scales,  which  occur  occasionally. 
Almost  all  the  genera  observed  in  the  Dogger  occur  in  addition  in  the  Lias 
or  the  L"i)i)er  Jurassic.  Of  the  latter  the  most  numerous  discoveries  have 
been  made  in  the  fissile  limestones  of  the  neighbourhood  of  Holeidiofen, 
Kelheim,  and  Eichstiidt  in  Eavaria,  Nusidingen  in  Wiirtemberg,  and  Cerin  in 
the  Department  of  Ain,  France.  An  abundance  of  beautifully  preserved 
skeletons  of  Selachians,  Ganoids,  and  Teleosteans  have  been  obtained  from 
these  localities,  to  which  must  be  added  the  Fortlandian  Limestone  of  Soleure, 
Xeuchatel,  Hanover,  and  Houlogne-sur-Mer,  and  the  Furbeck  lleds  of  Plngland 
as  formations  yielding  well-preserved  jaw-bones,  teeth,  spines,  scales,  and 
vertebrae.  The  heterocercal  Palaeoniscids  have  become  reduced  to  a single 
genus  {Coccolepis).  Of  sharks  and  rays,  complete  or  partially  well-preserved 
skeletons  are  known,  which  indicate  close  relationships  or  absolute  identity 
with  various  still  surviving  genera.  The  Cestraciontidae  and  Lamnidae  are 
also  represented  by  several  extinct  genera,  and  the  Holocephali  are  much 
more  numerous  than  in  the  Lias.  Among  the  (ianoids  the  Coelacanthidae 
attain  their  maximum  development  in  varied  forms.  The  large  majority  of 
the  U[)per  Jurassic  fishes  consist  of  Lepidostei  and  Amioidei,  with  Teleostei  of 
the  family  Leptolepidae. 

With  the  beginning  of  the  Cretaceous  system  there  is  an  important  change 
in  the  fish  fauna,  so  that  the  previously  dominant  Ganoids  become  more  and 
more  displaced  by  Teleosteans.  This  substitution  is  almost  comi>lete  in  the 
middle  and  upper  divisions  of  the  Chalk  ; in  the  Lower  Cretaceous,  on  the 
other  hand,  there  are  still  a few  types  of  Ganoids  surviving  from  Jurassic 
times.  The  fish  fauna  of  the  Cretaceous  system  thus  falls  into  two  well- 
marked  sections,  to  the  lower  of  which  belong  the  light-coloured  fissile  lime- 
stones of  Pietraroza,  the  limestones  of  Castellamare,  and  Torre  d’Orlando  near 
Naples,  of  Comen  (Istria),  Crespano  (Vicentin),  Lesina  (Dalmatia),  and  Grodischt 
in  the  C;irpathians,  and  the  Neocomian  deposits  of  the  Voirons,  near  Geneva. 
The  normal  deposits  of  the  Middle  and  Upper  Chalk  chiefly  contain  teeth, 
vertebrae,  and  isolated  fragments  of  Selachians,  Chimaeroids,  Pycnodonts,  and 
Phvsostoines ; the  fissile  limestones  of  the  Lebanon,  the  marly  sandstone  of 
'Westphalia,  and  the  Niobrara  Chalk  of  Kansas,  on  the  other  hand,  yield  a con- 
siderable number  of  well-preserved  skeletons.  Among  these  the  Ganoids  are 
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extremely  rare,  while  the  Physostomi  constitute  about  three-quarters  of  all 
the  known  species.  The  Physoclysti,  like  the  Physostomi,  are  represented 
chiefly  by  extinct  genera. 

With  the  beginning  of  the  Tertiary  period  there  is  a still  closer  approxima- 
tion to  the  condition  of  affairs  at  present  jirevailing. 

The  oldest  Eocene  fish  fauna  of  Europe,  from  the  London  Clay  of  southern 
England,  is  incompletely  investigated.  The  contemporaneous  deposits  in  the 
Paris  Basin  yield  only  a few  fish  remains,  but  among  these  are  scales  of  the 
Ganoid  genus  Lepidosteiis,  which  still  exists  in  North  America.  The  most 
important  and  best  known  deposit  of  Eocene  fishes  is  the  light-coloured  fissile 
limestone  of  Monte  Bolca,  near  Verona,  which  corresponds  in  age  approxi- 
mately with  the  Calcaire  Grossier  of  the  Paris  Basin.  No  less  than  94  genera 
and  170  species,  including  several  sharks  and  rays,  have  been  described  from 
it.  Of  Ganoids  only  the  Pycnodonts  here  survive ; all  the  other  fishes  belong 
to  the  Teleostei,  most  of  them  indeed  to  genera  which  at  present  live  in  the 
Indo-Pacific  and  Red  Sea,  in  the  tropical  Atlantic,  and  to  a smaller  degree 
also  in  the  Mediterranean.  The  most  interesting  feature  in  this  fauna  is  the 
great  increase  of  the  Acanthopteri  and  the  decrease  of  the  Physostomi. 

A remarkable  fish  horizon,  partly  marked  by  deep-sea  fishes,  occurs  at  the 
summit  of  the  Eocene,  represented  in  the  black  slates  of  Matt  in  Canton 
Glarus,  the  contemporary  Menilite  Shales  of  Styria,  Upper  Bavaria 
(Siegsdorf),  Upper  Alsace,  and  other  localities.  From  Glarus,  the  richest 
locality  for  this  zone,  29  species  of  fishes  are  known,  according  to  Wettstein, 
and  all  of  these  belong  to  the  Teleostei.  In  a remarkable  way  the  extinct 
genera  here  considerably  exceed  those  which  survive  to  the  present  day. 

In  the  western  states  of  North  America,  in  the  so-called  Puerco,  Wasatch, 
and  Bridger  formations  of  New  Mexico  and  'Wyoming,  fossil  fishes  are  also 
abundant ; but  these,  since  they  occur  in  freshwater  deposits,  have  little  in 
common  with  the  Eocene  forms  of  Europe,  which  are  met  with  almost 
exclusively  in  marine  or  estuarine  deposits.  It  is  interesting  to  note  that  the 
existing  North  American  Ganoid  families,  Lepidosteidae  and  Amiidae,  are 
represented  here. 

The  Oligocene  and  Lower  Miocene  yield  but  scanty  fish  remains.  The 
occurrence  in  Europe  of  Amia  {Notaeus)  and  Lepidosteiis  is  noteworthy. 

The  Middle  Miocene  Molasse  of  Switzerland,  Swabia  (Baltringen),  and 
Upper  Bavaria,  the  marine  deposits  of  the  Vienna  basin,  the  valley  of  the 
Rhine,  and  the  Aquitaine  basin  sometimes  contain  an  abundance  of  fish 
remains,  among  which  the  teeth,  dermal  plates,  and  spines  of  sharks,  rays,  and 
chimaeras,  the  vertebrae,  teeth,  and  scattered  bones  of  Teleostei  are  especially 
common.  With  few  exceptions  these  remains  are  referable  to  recent  genera. 
The  brackish-water  clay  of  Unterkirchberg,  near  Ulm,  the  freshwater  marl  of 
Oeningen  and  Steinheim,  the  Sarmatian  deposits  of  Radoboj  and  other  localities 
in  Croatia,  and  the  Cerithium  marl  of  the  Vienna  basin,  also  show  that  at  the 
time  of  their  formation  the  fish  fauna  of  the  fresh  and  brackish  waters  of 
Germany  was  not  very  different  from  that  still  surviving  in  southern  Europe 
and  Asia  Minor. 

The  remarkably  rich  Upper  Miocene  fauna  of  Licata  in  Sicily  exhibits  a 
mixture  of  marine  and  freshwater  fish  remains,  which  is  also  partially  notice- 
able in  the  neighbourhood  of  Girgenti,  in  the  gypseous  marls  of  Sinigaglia, 
near  Gabbro  in  Tuscany,  Lorca  in  Spain,  and  Oran  in  Algeria.  In  his  mono- 
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gni])li  of  1873,  Sauvage  describes  52  species  from  Licata,  and  of  these  4-1  are 
of  marine  origin.  The  character  of  this  fish  fanna  is  essentially  Mediterranean, 
l)ut  without  exception  the  species  are  extinct.  So  far  as  fishes  are  concerned, 
there  is  scarcely  any  noteworthy  difference  between  the  Pliocene  fauna  and 
that  of  the  present  day. 

The  distribution  of  fishes  in  time  afi’ords  many  facts  illustrating  the 
development  of  this  class.  In  the  Palaeozoic  epoch  there  were  only  Selachii, 
Holocephali,  Dipnoi,  Ostracodermi,  and  Ganoidei ; the  Selachii  and  Ganoidei, 
indeed,  appearing  together  in  the  Silurian.  These  two  main  divisions  of  the 
phylum  of  fishes  must  thus  have  become  separated  very  early,  if  indeed  they 
originated  from  a common  stock. 

Fossils  beginning  in  the  Old  Ped  Sandstone,  and  ranging  through  all 
later  formations,  prove  that  the  Holocephali  had  already  diverged  from  the 
Selachii  in  Palaeozoic  times,  and  the  branch  has  been  preserved  with  its 
partially  embryonic  characters  (polyspondyly,  autostyly)  until  the  iiresent  day. 

The  origin  of  the  Dijmoi  is  ipiite  obscure.  Their  Palaeozoic  representa- 
tives agree  in  many  respects  with  the  Crossopterygii.  As,  moreover,  the 
Dipnoi  also  share  important  characters  with  the  Holocephali,  it  seems  jirobable 
that  the  Holocephali,  Dipnoi,  and  Ganoidei  arose  from  a common  stock. 

So  far  as  the  develojmient  of  the  internal  skeleton  is  concerned,  the 
Ostracodermi  and  Arthrodira  arc  (piite  primitive.  Their  origin  is  wholly 
uid\nown.  Among  the  Ganoids  the  Crossijjiterygii  form  an  isolated  grouj), 
well  sejiarated  from  the  othei'  orders  both  phylogenetically  and  systematically, 
having  its  last  survivors  in  the  modern  Polyjiteridae,  and  probably  more  closely 
related  to  the  Dipnoi  and  Amphibia  than  to  the  other  Ganoids.  The  Hetero- 
cerci,  Lepidostei,  and  Amioidei  form  a closely  connected  grouj)  of  Ganoids. 
It  has  already  been  remarked  that  the  first  order  not  only  jrrecedes  the 
Lejiidostei  in  time,  but  is  also  j)robal)ly  ancestral  to  them.  The  Amioids  may 
have  diverged  from  the  Lej)idostei  during  the  'I'riassic  or  Jurassic  j)eriod. 

'I’lie  'rdeosteans  are  merely  a great  lateral  branch  of  the  Ganoids.  It  is, 
however,  improbable  that  they  are  of  monojrhyletic  origin  ; for  although  the 
Clujieoids  are  the  ancestral  grouj)  of  most  of  the  Physostomi,  which  have 
arisen  from  the  Mesozoic  jDnioids,  other  families  even  on  their  first  apjiearahce 
seem  to  be  so  remotely  allied  to  Cluj)eoid.s  that  a dificrent  origin  must  be 
sought  for  them.  The  Physoclysti  are  indeed  only  derivations  of  the  Physo- 
stomi diti'erentiated  in  various  directions. 

[The  section  Piscc.s  lies  heen  translated  ami  revised  hy  Dr.  Arthur  Smith  Woodward,  of 
the  Itritish  DIuseuin,  who  has  attenqited  to  hriii"  the  .suhjeet  up  to  date,  while  jircsei’vinf'  in 
tlie  main  the  author's  methods  and  ]irinci|iles  of  classihcatioii. — Ed.J 


Class  2.  AMPHIBIA.  Amjihiliians  and  Balrachiaii.s.’ 

Cohl-hlooiled  rertehrafes,  (iqmific  or  frrrestridl  in.  hahif,  iiaiiuUii  naked,  hid  sorne- 
iinies  u'ith  a corneous  or  osseous  dennal  corerinfi ; respiration  tioth,  branchial  and 
pidauniarji  in  earhj  stapes,  and  in  some  forms  pills  remain  f nnctional  thronphout  life. 
Development  hp  metamorphosis,  but  without  amnion  and  allantois.  Skull  with  two 
occipital  condples.  Dibs  never  attached  to  sternum.  Limbs  adapted  for  ambulation 
or  nutation,  never  in  the  form  of  fins,  and  rarely  absent. 

' lln[f7iw)iii,  C.  A'..  Die  Ainphihien.  Hronn’s  Classen  imd  Ordmingen  de.s  Thierreich.s.  vol.  VI. 
pt.  2.  1S73-78. — U'a'jHcr,  ./.,  Natiirliclies  System  der  Amplnbieii,  4 828-33. 
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In  external  appearance  amphibians  more  nearly  resemble  reptiles  than 
fishes.  The  body  is  generally  elongate,  and  terminates  as  a rule  in  a well- 
developed  tail,  although  some  small  forms  {Annra)  are  ecaudate.  Among 
recent  amphibians  limbs  are  wanting  only  in  the  Coecilians  {Gymnojiihiona). 
Certain  extinct  Stegocephalians  (Aistopudu)  appear  also  to  have  been  com- 
pletely apodal ; but  elsewhere  two  pairs  of  limbs  are  invariably  present,  the 
anterior  usually  terminating  in  four  digits  and  the  posterior  in  five. 

Recent  amphibians  are  naked  with  the  exception  only  of  the  Coecilians, 
which  are  covered  with  small  scales  arranged  in  transverse  rings.  The  fossil 
Stegocephalians  usually  have  a scaly  armature  on  the  ventral  surface,  and 
sometimes  on  the  dorsal  as  well. 

The  number  of  vertebrae  in  the  spinal  column  is  extremely  variable 
(10-150),  depending  upon  the  length  of  the  body  and  especially  the  tail. 
Cervical,  dorsal,  sacral,  and  caudal  regions  are  distinguished. 

The  most  primitive  form  of  vertebrae  occurs  in  the  Palaeozoic  Stego- 
cephalians, where  the  notochord  is  enclosed  by  thin  cylinders  of  bony  tissue, 
or  by  separate  pleurocentra  and  hypocentra,  as  in  early  Ganoids.  Where  the 
column  is  more  completely  ossified,  three  types  of  vertebrae  are  exhibited. 
The  first,  or  amphicoelous,  is  biconcave  ; the  procoelous  has  the  anterior  vertebral 
face  concave  and  the  posterior  convex ; and  in  the  opisthocoelous  type  the 
anterior  face  is  convex  and  the  posterior  concave. 

The  cervical  region  comprises  but  a single  vertebra,  the  atlas,  although 
this  probably  corresponds  to  both  atlas  and  axis  of  higher  classes.  Its  con- 
cave anterior  face  receives  the  bony  or  cartilaginous  occipital  condyles,  and 
is  often  provided  with  a spatulate,  forwardly  directed  basal  process.  Each  of 
the  dorsal  vertebrae  supports  a neural  arch  {newrapophysis),  which  becomes 
earlier  and  more  completely  ossified  than  the  centrum,  and  may  be  either 
suturally  united  or  anchylosed  with  the  latter.  The  two  halves  of  the  neural 
arch  unite  above  to  form  a more  or  less  strongly  developed  spinous  process 
{spina  dorsalis) ; and  they  bear  anteriorly  and  posteriorly  a pair  of  oblique 
articular  processes  {processus  ohliqui,  zygapoplryses),  the  forward  pair  of  each 
vertebra  overridden  by  the  hinder  pair  of  the  next  in  front.  The  neural  arch 
also  supports,  as  a rule,  a pair  of  transverse  processes  {diupophyses)  for  the 
attachment  of  ribs.  When  the  latter  are  double-headed,  as  is  often  the  case, 
another  and  shorter  lateral  process  {parapophysis)  is  develojied  by  the  body  of 
the  vertebra. 

The  sacral  region  is  also  formed  by  a single  vertebra,  which  supports  the 
pelvis,  the  latter  being  attached  either  directly  l>y  means  of  exceptionally 
stout  transverse  processes,  or  by  sacral  ribs,  usually  of  peculiar  form.  Haemal 
arches  {haemapophyses,  “chevron  bones”)  are  commonly  borne  by  the  caudal 
series,  the  foremost  of  which  sometimes  have  ribs  attached  to  the  transverse 
processes  of  the  neural  arch.  The  entire  series  of  candals  in  the  Annra  is 
fused  into  a single  elongate  piece  called  the  coccyx. 

The  primordial  cranium  remains  partly  cartilaginous  throughout  life,  and 
is  partly  replaced  by  liony  pieces,  which  are  either  direct  ossifications  of  the 
cartilaginous  capsule  (exoccipitals,  auditory  capsules,  quadrate,  sphen-ethmoid), 
or  are  investing  bones  (parietals,  frontals,  nasals,  vomer,  parasphenoid).  The 
basioccipital  and  supraoccipital  usually  remain  small  cartilaginous  tracts  ; but 
save  in  certain  Sfegocephalia  and  a few  other  forms,  the  exoccipitals  are  comjrletelv 
ossified,  and  bear  the  articular  condyles.  The  exoccipitals  are  of  considerable 
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size,  and  enter  into  the  border  of  the  tympanic  region.  The  latter  is  roofed 
by  several  small  bones  corresponding  to  the  prootic  and  opisthotic  of  fishes,  or 
these  may  unite  into  a single  element  called  the  petrosal.  The  anterodateral 
walls  of  the  skull  remain  cartilaginous  ; but  in  the  ethmoidal  region  an  ossifi- 
cation takes  ])lace,  forming  the  orbitosphenoid  which  is  usually  separate,  but 
sometimes  (Anura)  fuses  with  the  median  elements  to  form  a single  ring- 
shaped  bone  (sphen-ethmoid). 

The  cranial  roof  is  formed  by  the  ]>aired  parietals,  f rentals,  pre-  and  post- 
frontals,  and  nasals;  and  in  Stegocephalians  there  are  present  in  addition  the  so 
called  supratemporals,  squamosals,  postorbitals,  and  lachrymals.  The  jialate  is 
formed  as  in  fishes  liy  a large  median  parasjihenoid,  and  usually  paired  vomers, 
and  jialatines.  There  is  no  movable  sus{)ensorium  for  the  lower  jaw ; the 
cartilage  rej^resenting  it  unites  with  the  squamosal  above,  and  quadrato-jugal 
below.  Sometimes  an  ossified  quadrate  is  formed  at  the  end  of  the  suspen- 
sorial  cartilage.  Attached  to  the  (juadrato-jugal  in  front  are  the  maxillae, 
and  anterior  to  these  the  premaxillae,  which  comjilete  the  rim  of  the  uj)per  jaw 
in  front.  Many  of  the  Urodeles  have  the  maxillae  and  quadrato-jugal  replaced 
by  connective  tissue.  Between  the  (piadrate  and  parasphenoid  is  jilaced  the 
pterygoid,  usually  a trifid  bone  which  joins  the  jiarasphenoid  by  its  shorter 
arm,  while  its  anterior  branch  forms  the  outer  liorder  of  the  palatal  vacuity. 
The  palatines,  when  present,  usually  join  the  anterior  ends  of  the  pterygoids, 
and  extend  parallel  with  the  maxillae.  The  mandibular  ramus  is  comjiosed 
of  three  or  four  elements,  as  in  fishes.  The  visceral  skeleton  is  formed  by 
the  paired  hyoid  bones,  and,  in  gill-breathers,  by  three  or  four  partially  ossi- 
fied branchial  arches. 

The  feeih  are  acutely  conical,  and  are  commonly  borne  by  the  mandible, 
maxillae,  premaxillae,  vomer,  and  jialatines.  Barely  the  parasphenoid  and 
pterygoid  are  armed  with  minute  teeth,  and  only  certain  are  edentulous. 

Teeth  of  the  acrodont  type  have  their  bases  implanted  directly  upon  the 
rim  or  top  of  the  jaws  ; those  of  the  pleurodont  type  are  sunk  against  the 
inner  side  of  the  jaws.  As  in  Ganoids  and  bony  fishes,  -worn  teeth  are  not 
replaced  by  successional  ones  developed  beneath  them,  but  new  ones  are 
formed  independently  alongside  the  old,  and  gradually  oust  the  latter  as  their 
basal  parts  become  reabsorbed.  Amphibian  teeth  differ  from  those  of  fishes 
chiefly  in  the  absence  of  vasodentinc  ; and  the  spacious  pulp  cavity  which 
during  life  contains  vascular  or  connective  tissue,  occurs  in  the  fossil  state 
either  hollow  or  impregnated  with  mineral  matter.  Some  Stegocephalians 
have  complex  or  “ labyrinthodont  ” teeth,  the  dentine  being  strongly  folded, 
as  in  certain  Crossopterygian  fishes. 

In  the  2>cctural  arch-  the  scapula  is  ossified  in  at  least  its  proximal  portion, 
where  it  joins  the  coracoid  and  pre-coracoid,  and  forms  the  articular  face 
for  the  humerus.  A bony  sternum  is  usually  absent.  Stegocephalians 
are  jieculiar  in  possessing  betw'een  the  pectoral  limbs  one  median  and  tw'O 
]>aired  exoskeletal  plates,  commonly  regarded  as  interclavicle  and  clavicles. 
The  fore-limb  is  composed  of  the  usual  bones,  humerus,  radius,  and  ulna ; a 
carpus  which  is  either  cartilaginous  or  consists  of  two  rows  of  ossicles  ; and 
three,  four,  or  five  metacarpals  which  support  digits  with  from  one  to  four 
I>halanges. 

The  pelvic  arch  is  composed  of  a long  and  slender  bony  ilium,  which  is 
attached  either  directly  to  the  transverse  process  of  the  sacral  vertebra,  or  to 
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the  sacral  ribs,  and  is  directed  obliquely  downward ; a flattened,  sometimes 
discoidal  bony  ischium ; and  a cartilaginous  or  ossified  pubis  lying  imme- 
diately in  advance  of  the  ischium.  The  ilium  and  ischium  usually  take  part 
together  in  the  formation  of  the  acetabulum,  which  receives  fhe  femoral  head. 
In  the  Anura  the  tilna  and  fibula  are  fused.  The  tarsus  is  cartilaginous  or  com- 
posed of  several  small  ossicles,  and  the  pes  resembles  the  nianus,  e.Kcept  that 
it  is  usually  pentadactyle. 

Four  orders  of  Amphibians  are  recognised  as  follows  : — StegocephaUa,  Gijmno- 
phiona,  Urodela,  and  Anura. 


Order  1.  STEGOCEPHALIA.^ 

Salamander  or  lizard-like  caudate  ampJubians,  the  cranial  roof  and  whole  of  the 
cheek  covered  with  plates ; cranial  roof  posterior  to  the  orbits  formed  by  tivo  pairs  of 
median  and  hvo  yoairs  of  lateral  elements ; pineal  foramen  always  occurring  in  the 
parietal.  Teeth  sharply  conical,  with,  large  pulp  cavity,  and  walls  sometimes  higldy 
complicated  by  infolding  of  the  dentine.  Vertebrae  consisting  either  of  simple 
cylimlers,  or  of  separate  pleurocentra  and  hypocentra,  or  of  completely  ossified  arnpjhi- 
coelous  centra.  Three  exoskeletal  plates  present  in  the  thoracic  region,  interpreted 
as  clavicles  and  interclavicle.  Usually  a ventral  and  sometimes  a dorsal  armouring 
of  small  overlapping  scales. 

The  Stegocephalians  range  from  the  Carboniferous  to  Upper  Trias, 
and  comprise  the  largest  known  amphibians.  A tail  is  invariably  present,  and 
in  most  cases,  two  pairs  of  limbs  ; only  a few  genera  are  a})parently  destitute 
of  appendages. 

Unlike  recent  amphibians,  most  Stegocephalia  possess  a well-developed  dermal 
armour  of  bony  scales  or  scutes,  which  almost  always  covers  the  ventral  sur- 
face of  the  body,  and  sometimes  extends  to  the  under  side  of  the  limbs  and 
back  as  well.  Dorsal  scales,  however,  are  thinner  than  the  abdominal,  and 
are  usually  round  or  oval.  The  ventral  scutes  are  sometimes  thickened,  and 
always  arranged  in  regular  series.  The  abdominal  series  form  oblique  rows 
meeting  at  a sharp  angle  along  the  median  line,  but  those  covering  the 
thoracic,  pectoral,  and  caudal  regions,  and  under  side  of  the  limbs  are  arranged 
in  different  patterns.  The  scales  are  of  true  bony  tissue,  and  vary  considerably 
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in  form,  the  more  common  varieties  being  oval,  rhomboid,  oblong,  fusiform,  or 
rod-shaped  (Fig.  193). 

The  rertehral  cohnim  usually  remains  in  an  embrvonic  condition,  and 
recalls  that  of  Ganoid  fishes.  The  degree  of  persistence  of  the  notochord  is 
very  variable,  Init  only  the  most  specialised  genera  have  it  completely 


A,  Ventral  urmouv  of  firanrliiosaurus.  J!,  Scutes  of 
Jiranchiosanrus ; of  Jlylonoinus;  D,  of  Pehisaurus  ; 

of  Arrhriioautinis  : l\  of  rocephahis ; G,  of  I)isro- 
srnn'vs  ; //,  of  Peirohdtes  (after  (’reiliier). 


Fig. 

Le])Ospoiul\ions  vertebrae  of  Hylo)wyni(s.  ch,  Noto- 
elionl  replaced  by  mineral  matter;  /:,  Hoiiy  cylinder 
of  the  ceutnim  : c,  Itib  (after  Credner). 


interrupted  by  ossification 
[iletely  persistent. 

( issification  of 


of  the  centra  ; in  the  Jlranchinsauria  it 


IS  com- 


the 


vertebral  column  is  least  complete  among  the  J‘Jn/Ilo- 
spiindijli  (Fig.  194),  where,  in  the  alisence  of 
])lcurocentra,  the  neural  arch  itself  extends  down- 
ward and  joins  with  a pair  of  delicate  hypocentra 
(or  intercentra)  to  enclose  the  notochord  and  to 
form  transverse  jirocesses  for  siijiport  of  the  ribs. 
In  the  LcposjioiidjiH  (Fig.  195)  the  notochord  is 
persistent  and  encased  in  constricted  bony 
cylinder.s,  which  are  hourglass-shaped  in  longi- 
tudinal section.  In  some  genera,  however,  the 
continuity  of  the  chord  is  all  but  interrupted 
by  ossification  of  the  middle  portion  of  the  centra. 

The  Teinnospoiidiili  (Fig.  1 96)  have  the  ver- 
tebrae composed  of  several  distinct  pieces. 
Ossification  begins  with  the  neural  arch,  whose 
halves  remain  separate  at  first,  but  later  coalesce 
and  are  continued  above  into  a stout  and  some- 
times distally  thickened  spinous  process.  The 
centra  may  be  either  rhacldtomons  or  cmholomerons.  Those  of  the  rhachitomous 
tv])e  are  formed  by  a horseshoe-shaped  basal  piece  (hypocentrum  or  inter- 


UliacliitomouH  dorsal  wiiebnin  of 
Aid'.hrniistnn'ua.  .<}>,  Si>inous  j)rocPss ; 
r,  Zyi;ain)pliysps  ; v,  X«*nral  arch; 
hjfr,  Hypocentrum  : Pbuirocen- 
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centrum,  the  tapering  extremities  of  which  are  directed  u})ward),  and  a jiair 
of  lateral  pieces,  or  pleurocentra ; a structure  which  is  paralleled  in  certain 
Ganoids  (r/.  Fig.  121).  The  hypocentrum  usually 
ossifies  in  advance  of  the  pleurocentra,  and  lies 
directly  underneath  the  neural  arch.  Occasionally 
a small  horizontal  basal  piece  is  inserted  beneath 
the  pleurocentra  and  between  the  hypocentra. 

This  piece,  according  to  von  Meyer,  ap]>ears  to 
be  divided  in  the  anterior  caudals  of  Archegosauras 
(Fig.  197). 

The  rhachitomous  type  of  vertebrae  passes 
over  into  the  embolomerons  when  the  pleuro- 
centra unite  with  the  hypocentrum  to  form  a 
complete  bony  ring,  which  coossifies  with  the 
neural  arch  above  (Fig.  198).  Or  occasionally 
the  crescentic  intercentrum  develops  into  a com- 
plete ring,  and  the  pleurocentra  unite  with  each 
other  below  and  the  neural  arch  above  to  form  a second  ring. 

(Cricotns)  have  rhachitomous  dorsal,  and  embolomerons 
caudal  vertebrae. 

The  most  advanced  stage  of  vertebral  ossification 
occurs  among  the  Labyrinthodonts,  where  the  centra  are 
solid  bony  discs,  slightly  am})hicoelous  ; sometimes  they 
are  pierced  for  the  passage  of  the  notochord  (Fig.  199), 


Fig.  F>7. 

Rhachitomous  caudal  vertebrae  of 
Arcliegosaurus.  Lettering  as  in  Fig.  IOC. 


Some  genera 


Eniboloinerous  vertebrae 
of  Diplovertehrou  punctotnm, 
Fritsch.  Lower  Pei'inian  : 
Bohemia.  Vi  (after  Fritsch). 


or  a channel  is  visible  below  the  neural  canal  through 


which  it  extended  {Stereospomhjli). 

There  is  usually  but  one  cervical  vertebra,  the  atlas, 
which  is  concave  in  front  and  facetted  to  receive  the 
exoccipital  condyles,  but  bears  neither  ribs  nor  anterior  zygapophyses.  Most 
or  all  of  the  presacral  or  dorsal  series  bear  ribs,  which 
may  be  either  single  or  double-headed.  The  single  sacral 
vertebra  is  provided  with  a pair  of  stout  transverse  j)ro- 
cesses  for  the  attachment  of  sacral  ribs.  Haemal  arches 
(haemapophyses,  “ chevron  bones”)  are  borne  by  the  caudal 
series,  being  joined  to  the  centrum  (pleurocentnrm)  or 
intercentrum. 

The  cranium  (Fig.  200)  exhibits  the  depressed,  broadly 
triangular  form  characteristic  of  amphibians,  Imt  is  invested 
by  bony  plates  which  form  a very  different  ])attern  fi'om 
the  usual  amphibian  ty[>e,  rvhile  resembling  in  some 
respects  those  of  Ganoids  and  Crocodiles.  The  cranial 
plates  are  usually  ornamented  externally  with  radiating 
sculpture,  pittings,  or  ])unctae,  and  sensory  canals  are 
often  conspicuous. 

The  cranial  roof  is  pierced  by  several  apertures,  the  touwma  caimum,  iiuxiey. 
largest  of  which  are  the  orbits,  and  around  them  there  is 
often  a sclerotic  ring.  The  anterior  nares  are  j)laced  close  to  the  border  of  the 
snout,  and  separated  from  each  other  by  a considerable  interval.  Another 
and  smaller  opening  occurs  at  the  median  suture  between  the  parietals, 
corresponding  in  position  to  the  so-called  parietal  foramen  of  Lizards. 


Dorsal  vertebrae  of 
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in  the  case  of  cartila"inous  Ganoids. 


Tlie  thin,  Hat  liones  constituting  the  cranial  roof  are  of  dermal  origin,  as 

The  lirain  cavity  is  protected  hj^  the 
large,  paired  parietals,  posterior  to 
which  are  two  jiairs  of  siipra- 
temporals,  the  outermost  being  the 


Pm  XL 


Pi<;. 

Duisal  asjM'ct  of  Ihe  skull  of  MrumcrpctOix  puirhrrriminn 
rritscli.  Kcston’il.  i/j  (aftf*r  (JrtMiiter).  -I,  Orbit;  Pihj\ 
I’reiiuixilla  ; Mr,  Maxilla;  X",  Nasal ; J’rf,  Prefrontal;  Fr. 
I'roiital ; Fff,  Postfrontal  ; I’a,  Parietal  ; For,  I’ostorbital 
r.  Anterior ; .SVy,  I’osterior  siiuaniosal  ; JCp,  Ihi>iotie  ; St,  So 
Sujirateniiforal  ; Ju,  .iu^al. 


larger  and  forming  the  hinder 
border  of  the  auditory  notch.  The 
inner  or  median  pair  of  supra- 


temporals  are  commonly  described 
as  supraoccipitals  (so),  and  the  outer 
or  lateral  pair  as  “ ej)iotics  ” (ep), 
although  clearly  of  dermal  origin. 
The  ]Hate  anterior  to  the  epiotic  is 
usually  called  the  scpiamosal  (sq), 
and  ill  front  of  this  lie  the  post- 
orbitals (qwr)  and  large,  ])osterior 
cheek  jilate  (sf),  which  is  also  iden- 
tiHed  with  the  supratemjiiorals.  The 
two  last-named  jiairs,  together  with 
the  so-called  epiotics,  are  wanting  in 
all  modern  amphibians.  Anterior 
to  the  jiarietals  and  between  the 
orliits  is  a jiair  of  usually  elongate  narrow  frontahs,  and  anterior  to  these  a 
jiair  of  large  nasals  with  openings  for  the  external  nares  at  their  anterodateral 
angles.  A jiair  of  curved  dentigerous  premaxillae  (pm.r)  terminate  the  snout 
in  front. 

The  frontals  rarely  enter  into  the  border  of  the  orbits.  These  openings 
are  usually  bounded  behind  by  the  post- 
orbital and  postfrontal,  the  latter  plate 
being  invariably  jiresent ; mesially  Viy 
the  postfrontal  and  prefrontal  ; and 
exteriorly  b}''  a long  cheek  jilate  called 
the  jugal.  A ery  often  a narrow  tri- 
angular bone,  the  lachrymal,  is  inserted 
between  the  ])rcfrontal  and  jugal,  but 
is  usually  jmshed  forward  in  advance 
of  the  orbit.  The  jiostero-inferior 
cranial  angle  is  formed  liy  the  (piadrato- 
jugal,  which  sometimes  develops  a ]>ro- 


cess  on  the  under  side  for  articulation 
with  the  lower  jaw.  In  some  of  the 
larger  Stegocejihalians  the  distal  end 
of  this  ]>rocess  is  sejiai'ated  oft'  from  the 
quadrato-jugal  by  a suture,  and  forms 
a distinct  ipiadrate  bone.  Joining  the 
quadrato-jugal  in  front  is  the  maxillary. 


l-lc;.  L'Ul. 

Palatal  aspnet  of  the  skull  of  Franchiosavrus.  Ue- 
storeil.  “7i  (aftf-r  Cn'diuT).  Pmx,  Pri'uiiaxilla ; Mx, 
Maxilla;  Qu-i,  Quadrato-ju^'al  ; i’t,  Pli*rygoid  ; FSph, 
Presjfheiioirl ; FI,  Palatine  ; Vo,  Vomer. 


long,  narrow. 


gently  curved  bone,  which  completes  the  outer  border  of 
the  cranium  as  far  as  the  premaxillae. 

Most  Palaeozoic  Stegocephalians  had  the  basiocciput  cartilaginous,  but  in 
the  Labyrinthodonts  and  certain  other  forms  the  supratemporals  are  followed 
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of  obliquely  inclined  bony  exoccipitals,  which  bear  the  articular 


by  a pair 
condyles. 

The  under  side  of  the  cranium  is  remarkable  for  the  ilarge  size  of  the 
palatal  vacuities,  and  great  development  of  the  parasphenoid,  which  expands 
posteriorly  into  a broad,  thin  plate.  It  extends  forwardly  as  a long,  slender 
process,  and  unites  with  the  relatively  large-sized  vomer,  the  latter  element 
being  paired  in  the  earlier,  unpaired  in  the  later  forms.  The  vomer  usually 
joins  the  premaxillae  anteriorly,  and  is  bounded  exteriorly  by  the  maxillae, 
the  internal  nares,  and  front  portion  of  the  palatines.  Its  broad,  Hat  surface 
is  either  edentulous  or  set  with  minute  teeth,  but  occasionally  one  or  two 
powerful  tusks  are  present  in  front  of  the  narial  o]:>enings,  and  there  is  a series 
of  smaller  teeth  bordering  the  anterior  and  lateral  edges  of  the  vomer. 

The  posterior  expansion  of  the  parasphenoid  unites  with  a trifid  bone,  the 
pterygoid.  The  short  inner  arm  of  the  latter  in  fact  often  envelops  the 
parasphenoid ; its  long,  forwardly  directed  process  extends  parallel  with  the 
palatine  and  maxilla,  forming  the  outer  border  of  the  palatal  vacuity;  and  its 
short  posterior  branch  unites  with  the  quadrato-jugal  and  limits  the  temporal 
vacuity.  The  palatines  lie  between  the  vomer  and  anterior  extremities  of  the 
pterygoid.  They  are  bordered  externally  by  the  maxillae,  as  a rule,  and 
anteriorly  by  narial  openings.  They  frequently  bear  a series  of  small  teeth. 

The  lower  jaw  (Fig.  227)  of  all  Stegocephalians  extends  the  full  length  of 
the  skull,  and  in  consequence  the  gape  of  the  mouth  is  very  wide,  as  in  Anura. 
The  mandibular  ramus  is  composed  of  three  pieces,  of  which  the  dentary  forms 
the  tooth-bearing  anterior  portion,  and  the  angular  the  lower  portion  ; behind 
the  dentary  and  above  the  angular  is  the  articular,  which  bears  a deep  trans- 
verse articular  facette  terminated  behind  by  an  elevated  process.  Superimposed 
on  these  three  pieces  on  the  inner  side  of  the  jaw  is  a membrane  bone  called 
the  splenial  (or  opercidar).  Teeth  occur  in  regular  series,  decreasing  in  size 
posteriorly  ; and  sometimes  one  or  two  greatly  enlarged  teeth  occur  at  the 
symphysis.  The  union  of  the  two  rami  in  front  was 
probably  ligamentous  in  most  cases. 

The  teeth  ^ of  the  smaller  Palaeozoic  Stegocephalians 
are  smooth,  slender,  hollow,  and  conical  (Fig.  202),  and 


implanted  either  directly  in  the 

attached 


supporting  bone,  or 
by  a cement  - base. 
Very  often  the  lower  half  or 
two-thirds  of  the 


Fig.  203. 


Fig.  202. 

Tjower  Jaw  of  Branrhiosaurus 
with  simple,  smooth  teeth.  .4, 
i/j.  B,  Enlarged  (after  Credner). 


Tooth 

larged. 


crown  IS  ex- 
ternally  grooved  or  striated,  in 
which  case  a radial  infolding 
of  the  dentine  extends  for 
an  equal  height  (Fig.  203). 

Numerous  fine  dentine  tubules 

extend  downward  toward  the  periphery,  and  tangen- 
tially to  the  walls  of  the  radial  prolongations  of  the 
pnlj)  cavity.  In  the  more  complicated  teeth,  secondary 
and  even  tertiary  branching  of  dentine  tubules  may  occur,  and  at  the  same 
time  undulating  or  tortuously  folded  layers  of  cement,  such  as  covers  the 
exterior  of  the  tooth,  may  become  intercalated  between  the  bundles  of  dentine 

^ Credner,  H.,  Zur  Histologie  der  Faltenzaline  palaeozoisclier  Stegoceplialen  (Abliandl.  .saclrs.  Ges. 
Wis.s.  vol.  XX.),  1893. 


of  Arcliegosaurus,  eu- 
A,  Outer  surface.  />, 
Lower  half  with  a portion  broken 
away  to  show  the  folded  dentine. 
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tubules.  This  gives  rise  to  the  highly  characteristic  “ lab\u-intho(lont  ” 
structure,  which  reache.s  its  extieme  developmeut  among  the  larger  and 

geologically  later  Stego- 
cej)halians  (Fig.  204).  The 
internal  structure  becomes 
[irogressively  less  compli- 
cated toward  the  ajiex  of 
the  tooth,  above  the  zone 
where  radial  infoldings  of 
the  walls  leave  off,  the 
dentine  is  traversed  simply 
I)y  straight  tubules  radiat- 
ing from  the  pulp  cavity. 
The  insertion  of  the  teeth 
may  be  of  the  acrodont  or 
])leurodont  type,  as  already 
descrilicd,  or  they  may  be 
seated  in  shallow  alveoli. 

Traces  of  branchial 
arches  being  consj)icuous 
in  the  young  of  several 
Palaeozoic  genera,  the  sup- 
position is  natural  that 
resjiiration  was  by  gills 
during  the  early  stages  of 
all  8tegocc])halians. 
is  of  unicpie  construction. 
The  most 


Flii.  -J04. 

CrosS'SPclioii  ol'a  torith  oi'  Mn<tO(lojisanrn.'t  jofgeri. 

I\  cavity  ; <■.  luhuh*.- 


•Vi  (aft(!r  Owen)- 


Tlie  Stegocephalian  pedvral  arch  (Fig.  205) 


other  aiu])hil)ian.s  in  notable  respects. 

id 


differing  fi'om  that  of 
characteristic,  as  well 
as  the  largest  and 
usually  best  preserved 
bones,  occupy  an  ex- 
ternal i)osition  on  the 
thorax  between  the 
pectoral  limbs.  I'fiese 
bones  are  three  in 
number,  and  as  a rule 
])romineutly  sculj)- 
tured.  The  median 
element  identified  as 
the  interclavicle  (or 
entosternum)  varies 
considerably  in  form 
and  size  amongst  different  genera.  Most  frequently  it  is  rhombic,  but 
sometimes  transversely  oval,  and  may  terminate  behind  in  a long  median 
extension. 

Partly  overlapping  the  forward  portion  of  the  interclavicle  are  the  paired 
plates  which  correspond  to  the  clavicles  of  other  amphibians.  Their  posterior 
ends  are  slender  and  slightly  curved  upwards  ; the  anterior  end  is  expanded 
into  a triangular  or  oval  plate,  often  sculptured,  but  sometimes  smooth  as  if  it 


l-'ii;.  •20.'). 

Pectoral  arch  of  Jlrfnirhiosourti.'i.  //, 


MrlnncrjM'tmi  (after  Crcdiier). 
i'iy  Iiitcrclaviclc ; <7,  Clavicle;  co,  Coracoid;  sc,  Scapula  f = cleithruin  of 
(legcnbaur). 


ORDER  I 


STEGOCEPHALIA 


123 


had  been  embedded  in  the  integument.  A hat,  semicircular,  or  lunate  plate, 
interpreted  as  the  coi’acoid,  is  placed  at  a slight  distance  behind  the  clavicles, 
and  there  is  also  a narrow  or  rod-like  piece  with  expanded  distal  extremities, 
corresponding  to  the  scapula  of  other  groups.  [Gegenbaur,  and  following  him 
G.  Baur,  interpret  these  bones  difi'erently,  holding  that  the  coracoid  was  in  all 
probability  cartilaginous,  and  identifying  the  bone  commonly  known  by  that 
name  as  the  scapula,  and  the  so-called  scapula  as  the  deithrum.  The  latter,  as 
shown  by  Gegenbaur,  was  attached  to  the  distal  end  of  the  clavicle.] 

The  bones  of  the  appendicular  skeleton,  so  far  as  known,  agree  in  form, 
number,  and  arrangement  with  those  of  living  Urodeles.  The  humerus  is 
rarely  furnished  with  articular  condyles,  its  extremities  remaining  as  a rule 
cartilaginous.  Ulna  and  radius  are  always  separate,  simple,  more  or  less 
elongate,  and  without  articular  faces.  The  carpus  is  imperfectly  known  ; in 
many  Palaeozoic  genera  it  appears  to  have  been  cartilaginous,  in  others  partly 
ossified.  The  metacarpals  and  phalanges  are  slender  and  elongate. 

The  pelvic  arch  (Fig.  206)  is  strongly  developed,  but  seldom  so  well  pre- 
served that  the  form  and  position  of  all  the  parts  are  clearly  distinguishable. 
The  ilium  is  short, 
stout,  somewhat  ex- 
pa  nded  at  the 
extremities,  and 
attached  to  the  sacral 
ribs.  Ischium  and 
pubis  sometimes 
unite  to  form  a single 
large  plate  (ischio- 
pubis),  or  they  may 
remain  separate.  The 
inner  edges  of  the 
ischia  form  a sym- 
physis in  the  median 
line.  The  pubes, 
which  are  smaller, 
sometimes  remain  car- 
tilaginous amongst 
Palaeozoic  forms. 

The  hind -limb-  is 
almost  always  more 
strongly  developed  than  the  fore-limb.  The  femur  is  a strong,  elongate  bone, 
without  an  ossified  capitulum,  but  often  with  well-formed  distal  condyles. 
Tibia  and  fibula  remain  separate,  and  resemble  the  corresponding  bones  of 
the  anterior  limb.  The  tarsus  is  either  cartilaginous  or  composed  of  two 
rows  of  small  bones.  The  pes  is  provided  with  five  digits,  but  is  otherwise 
closely  similar  to  the  manus  ; sometimes  the  second  digit  is  the  longest,  in 
other  cases  the  third. 

Habitat. — The  mode  of  occurrence  of  Stegocephalians  in  the  Coal  Measures, 
Lower  Permian,  and  Keuper,  indicates  that  they  were  either  freshwater 
inhabitants,  or  terrestrial  forms.  Some  of  the  smaller  genera  appear  to  have 
sequestered  themselves  in  hollow  tree-stumps,  since  in  Nova  Scotia,  at  least, 
their  remains  are  commonly  found  in  cavities  of  decayed  Sigillaria  and 


Pelvic  arcli  oX  Mastodonsanrus  Jaeg.  (after  Fraas). 

i,  Ilium  ; Isch,  I.schium  ; Pu,  Pubis  ; .-Ic,  Acetabulum. 
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Lepidodendron  trunks.  The  larger  forms,  some  of  which  attained  gigantic 
size,  were  predatory,  and  probably  subsisted  on  other  amphibians,  fishes,  and 
crustaceans. 

Sub-Order  A.  PHYLLOSPONDYLI.  Credner.  [Brancliiosauria.) 

Xotoclmnl  persisfenf  and  encased  in  imperfect  barrel-shaped  vertebrae  formed  by 
a pair  of  delicate  hypocentra  and  downward  prolongations  of  the  neural  arch, 
but  without  pleurocentra.  Teeth  simple,  hollow. 


Family  1.  Branchiosauridae. 

Lizard -like  Stegocephalia  with  broad,  obtusely 
rartilaginous,  and  also  the  carpus,  tarsus,  and  'pubis, 
simple,  thickened  proximal  ends.  Puhis  not  ossified, 
pointed,  and  arranged  in  regular  series. 


Jlranchiosaurus,  Fritsch  {Protriton, 
205,  207,  208).  Body  15-20  mm. 


-I  B 


}'.ranrh!o.'<fiin'u.<  tnnhhisfnmuSy  CnnlmT.  Kothlirjronflos, 
Ninlprliasslicli,  near  Divsilnn.  vl,  Skfloton  of  a'lult  indi- 
vidual,  Vi*  Hi'storation  of  a larval  form  with  ;;ill  arches 
(afli.-r  ('miner). 


Fritsch. 

rounded  heads.  Basiocciput 
Bibs  short  and  straight,  with 
Ventral  scales  thin,  small. 
Carboniferous  and  Permian. 

Pleuroneura,  Gaudry),  (Figs.  201,  202, 
long.  Head  about  as  broad  as  long, 
truncate  behind,  with  shallow 
auditory  notch,  and  very  large 
ellijitical  orbits.  Sclerotic  ring 
of  about  .30  small  plates,  and  also 
a supjdementary  series  of  smaller 


I)raitihio.’<ouru><i  prtrolei,  Gaudry  s]). 
Lower  Lermiaii ; Autun.  Vi  (aft»*r 
Gaudry). 


plates  irregularly  arranged.  Cranial  plates  radially  striated  or  punctate. 
Parasphenoid  greatly  expanded  behind,  and  uniting  with  trifid  pterygoid. 
Vomer  paired,  the  two  pieces  triangular;  palatines  imperfectly  known.  Jaws 
with  a single  series  each  of  slender,  closely  spaced  conical  teeth.  Inter- 
clavicle sub-rectangular,  externally  furrowed.  Ilium  stout,  hourglass-shaped  ; 
ischium  delicate,  triangular. 

Tlie  entire  ventral  surface  of  the  body,  togetlier  with  a portion  of  the  tail  and 
liinb.s,  was  protected  by  deeply  overlapping  cycloidal  scales  (Fig.  193)  arranged  in 
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several  distinct  series.  Those  of  the  thoracic  region  form  transverse  rows ; those  of 
the  pectoral  region  oblique  rows  converging  posteriorly  toward  the  median  line ; 
those  of  the  abdominal  region  oblique  rows,  converging  at  a lesser  angle  in  the  ojjposite 
direction ; and  those  of  the  imder  side  of  the  tail  and  legs  form  slightly  curved  trans- 
verse rows.  Functional  gill  arches  are  indicated  in  many  immature  examples  by  the 
regular  series  of  minute  denticles  which  were  originally  arranged  on  tliem.  Tail 
known  to  have  been  about  as  long  as  trimk  with  the  head,  but  most  of  the  caudals 
imossitied. 

This  genus  and  Archegosaurus  furnish  the  commonest  and  best  known  examples 
of  Palaeozoic  Amphibians.  Eemains  of  Branchiosaurus  are  abundant  in  the  fine- 
grained limestone  of  the  middle  Eothliegendes,  near  Dresden,  where  the  small  bones 
are  clearly  outlined  in  white  against  a grayish-coloured  matrix.  Credner’s  elaborate 
researches  on  the  structure  and  development  of  this  form  were  based  on  comparisons 
of  over  1000  specimens.  Several  species  occur  also  in  the  Lower  Permian  of  Xiirschan 
(Nyran)  and  Kunova  in  Bohemia,  and  Oberhof  and  Friedrichsroda  in  Thuringia. 

Pelosaurus,  Credner  (Fig.  193,  d).  18  to  20  cm.  long.  Skull  relatively  very 
large,  with  lachrymal  in  front  of  orbits,  and  no  supplementary  sclerotic  plates. 
Lower  Permian ; Xiederhiisslich,  near  Dresden.  F.  laticeps,  Credner. 

Melanerpeton,  Fritsch  (Figs.  200,  205,  h).  2‘5  to  13  cm.  long.  Skull  as  in 

Branchiosaurus,  but  more  produced  posteriorly,  and  squamosal  divided  {sq  and 
x).  Interclavicle  extended  into  a long  posterior  process.  A distinct  dermal 
armouring  not  present,  but  quantities  of  small  calcareous  shagreen -like 
particles  sometimes  observed  instead.  Branchial  arches  present  in  young- 
examples.  Lower  Permian  of  Braunau,  Bohemia ; Lhotka,  Moravia ; and 
Niederhasslich,  Saxony. 

Daicsonia,  Fritsch.  Jaw-bones,  vomer,  palatines,  and  parasphenoid 
armed  with  teeth.  Lower  Permian  ] Bohemia. 

Amphihamus,  Cope;  Pelion,  Wyman.  Coal  Measures;  Linton,  Ohio. 

Sub-Order  B.  LEPOSPONDYLI.  Zittel.  {Microsauria.) 

Xotochord  persistent  and  enclosed  in  constricted  hong  ajlinders,  hourglass-shaped 
in  longitudinal  section.  Teeth  simple,  conical,  hollow. 

Family  1.  Microsauridae.  Dawson. 

Salamander  or  lizarddike,  usually  longicaudate  Stegocepihalia.  Foredimbs  less 
robust  than  the  hinder  pair,  carpus  and  tarsus  ossified  or  cartilaginous.  Bibs  long 
and  slender,  curved,  generally  double  - headed . Pubis  ossified. 

Ventral,  and  in  rare  cases  also  the  dorsal  surface  covered  with 
small,  round,  oblong,  oval  or  oat-shaped  scales.  Carboniferous 
and  Permian. 

Hyloplesion,  Fritsch.  Cranial  bones  smooth,  finely  striated 
or  punctate.  Orbits  large,  with  sclerotic  ring.  Tarsus  ossified. 

According  to  Fritsch,  both  dorsal  and  ventral  armatures  were 
present,  composed  of  overlapping  oval  scales  with  thickened 
posterior  border.  Lower  Permian ; Xiirschan,  Bohemia,  and 
Xiederhiisslich,  Saxony. 

Hylonomus,  Dawson  (Fig.  209).  Small  and  imperfectly 
known,  perhaps  identical  with  the  preceding.  Coal  Measures  ; 

Xova  Scotia.  Other  allied  American  genera  are  Amllyodon,  Dawson  ; 


d 

Fig.  209. 


.-1,  Vertebra,  and 
Rib  of  Hylonomus 
I yelli,  Dawson.  Coal 
Measures  ; Joggins, 
Nova  Scotia. 
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Ilijlerpefon,  Owen;  ainl  Brachijdectes,  Cope,  all  small  and  fragmentarily 
preserved. 

Scelei/ii,  Fritsch.  Larval,  lizard-like  forms  under  2 5 cm.  in  length,  with 
rounded  snout.  Teeth  smooth,  simple,  hollow,  present  on  all  hones  of  the 
palate,  those  of  the  premaxillae  much  larger  than  the  maxillary  teeth. 

Parasphenoid  a long  slender  bone  ex- 
panding behind  into  a rectangular  plate. 
Gill  arches,  and  both  dorsal  and  ventral 
armour  present.  Scales  elongated  oval, 
ornamented  with  undulating  or  dichotomis- 
ing lines.  Very  rare  in  Lower  Permian 
of  Niirschan,  Bohemia.  S.  pusillu,  Fritsch. 
liiaiodun,  Orfhocosta,  Mkrohrachis,  Lininer- 
Frit.sch.  Lower  Permian  ; Viirschan, 
Bohemia. 

Tuditanus,  Coa/iinus,  Colosteiis,  Lepto- 
phrucfus,  Pleurojifi/:c,  Cope.  Coal  Measures; 
Linton,  Ohio. 

Lcpferpcfon,  Huxley  (Fig.  210).  Lizard- 
like, longicaudate,  with  narrow,  elongated 
head  and  ta])ering  snout.  Orliits  midway 
the  length  of  the  skull ; carjnis  and  tarsus 
cartilaginous.  Hind-limb  slightly  stouter 
than  the  anterior.  Ventral  scales  elorurated 
rhombic.  Coal  Measui  es  ; Kilkenny, 
Ireland. 

Keraicrpidon,  Huxley  {Ccmterpdu'in, 
Huxley).  Salamander  - like,  with  much 
elongated  tail ; total  length  upwards  of 
50  cm.  Skull  broad,  rounded  anteriorly, 
orbits  far  forward,  and  external  bones 
sculptured.  A ])air  of  lai'ge,  backwardly 
ilirectcd  horns  firmly  attached  to  the 
postero-lateral  cranial  angles.  Very  small 
ventral  scutes,  and  no  dorsal  armour. 
Coal  Measures ; Kilkenny,  Ireland,  and 
Linton,  Ohio. 

I'lii. -.'lu.  Srincosaiinis,  Fritsch  (Fig.  211).  Skull 

i.rpitrpdnit  ,ini,h-in,  Un\]i-y.  carboiiif<Tou.s : smaller  ill  1 ii’oTiortion  to  the  bodv  than  in 

Kilkt'iniv,  Irt*laii<l.  *74  (after  Hiixlev).  7-  . j ^ • 1 

Keraierpcion^  ^y\th  more  numerous  pre- 

sacral  vertebrae,  and  distinct  ossifications  in  carjms  and  tai'sus.  Lower 

Permian  ; Bohemia.  .S',  crassiis,  Fritsch. 

l.'rorordiilus,  Ilu.xley  and  Wright  (Oeslocephalus,  Piijoniiis,  Cojie),  (Fig.  212). 

Body  and  tail  elongate,  total  length  about  50  cm.  Foie-limb  slightly  less 

ilevelojicd  than  the  hind,  both  jientadactyle.  Skull  depressed,  triangular, 

posteriorly  truncate.  Orbits  forwardly  situated,  'bail  nearly  twice  as  long 

as  the  trunk  with  the  head.  Caudal  vertebrae  about  80  in  number,  with 

long  neural  and  haemal  spines,  expanded  and  crenulated  distally.  Ventral 

armour  composed  of  upwards  of  100  rows  of  scutes  converging  toward  the 

median  line,  in  form  elongated  oval,  fusiform  or  oat-shaped.  Coal  Measures  ; 
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Kilkenny,  Ireland.  Lower  Permian  j Xiirschan,  Bohemia.  U.  scalaris, 
Fritsch. 

Acanthostoma,  Credner  (Fig.  213).  Skull  25-35  cm.  long,  sharply  para- 
bolic in  outline,  externally  pitted.  Orl)its  relatively  small,  rounded,  placed 


Keraterpcion  crcj>inim,  Fritsch.  Lower  Permian  ; Xurschan, 
Bolieniia.  Restored.  Vi  (after  Fritsch). 


Fir;.  212. 

Urocardiil  us  (rdndcsfnfdii,  Huxley. 
Coal  Measures  ; Kilkenny,  Ireland. 
Oamlal  vertebrae,  i/i  (after  Huxley). 


I’alatal  aspect  of  skull  ot'  Acanthustoma 
vnrox,  restored.  Vi  (after  Credner).  d, 
Orbit;  N,  Internal  nares ; ruu,  Piv- 
maxilla : M.i\  Maxilla;  l,hil,  guailrato- 
.iuj,uil  ; Parasphenoirl  ; /'/,  Ptery- 

goid. 


in  posterior  half  of  the  skull,  and  with  sclerotic  ring.  All  bones  of  the 
buccal  cavity  set  with  teeth.  Lower  Permian  ; Saxony. 

Family  2.  Aistopodidae.  Miall.  (Aialo^ioda.) 

Body  serpentiform,  without  either  limbs  or  arches  fur  their  support.  Vertebrae 
constricted  amphicoelous  cylinders.  Teeth  simple,  conical,  hollow.  Bibs  slender, 
with  one  or  two  processes.  Carboniferous  and  Permian. 
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Jtolichosoma,  Huxley  {'!  Phlefjethontia,  1 MoJgophis,  Cope),  (Fig.  214).  Skull 

relatively  small,  triangular,  with  tapering  snout ; 
external  bones  smooth,  and  median  ones  more 
or  less  fused.  Premaxillae  very  small.  Over 
150  vertebrae,  and  total  length  upwards  of  1 m. 
Neural  spines  atrophied.  Ribs  slender,  the 
foremost  ones  angularly  bent,  later  ones  straight. 
Dermal  armature  not  observed.  Coal  Measures  ; 
Kilkenny,  Ireland.  Lower  Permian  ; Bohemia. 

Ophiderpeton,  Huxley  (Fig. 
215).  Skull  imperfectly 
known,  shorter  and  more 
obtuse  than  in  Dolichosoma. 
Ribs  slender,  resembling  inter- 
muscular bones  of  fishes,  with 
dorsal  and  ventral  processes. 
Ventral  scutes  small,  oat- 
shaped ; dorsal  ossicles  sha- 
green-like. 0.  hrownriggi, 
Huxley,  from  the  Irish  Coal 
Measures,  40-60  cm.  long. 
Five  smaller  species  known 
from  the  Permian  of  Bohemia. 


Dolichosoma 
Lower  Permian 
Restored,  ^/j. 


Fio.  214. 

lonoissim  nm, 
; Nur.schaii, 


Fritsfli. 

Bohemia. 


Fk;.  215. 

Oph  He I'j >cton  ijranu- 
htsum,  Fritsch.  Rib. 

Permian ; Bo- 
liemia.  (f.  Dorsal ; 
p,  Ventral  proces.s. 


Sub-Order  C.  TEMNOSPONDYLI.  Zittel. 

J'erfehrae  composed  of  several  pieces,  nsualb/  of  the  rhachitomoiis  type,  sometimes 
emholomeroHS.  Basioccipiial  rer/ioa  vsitalh/,  and  carpus  and  tarsus  always  ossified. 
Teeth  with  radially  infolded  ivalls.  Carboniferous  to  Lower  Trias. 

Archerjosa.urus,  v.  Meyer  (Figs.  196,  203,  216,  217).  Total  length  up- 
wards of  1'5  m.  Skull  in  the  young  obtusely  triangular,  scarcely  longer 
than  broad,  but  becoming  greatly  elongated  in  the  adult,  with  broad,  anteriorly 
rounded  snout.  External  bones  radially  sculptured,  sensory  canals  feebly 
marked.  Orbits  situated  in  about  the  middle  of  the  skull  in  the  young,  and 
in  hinder  portion  in  mature  individuals;  sclerotic  ring  of  20-23  plates. 
Anterior  nares  elongate.  I’ostorbitals  triangular,  supratemporals  large, 
lachrvmals  long  and  narrow,  basioccipital  region  not  ossified,  palatal  A'acuities 
large”  Parasphenoid  and  pterygoids  toothless,  vomer  with  one  or  two  pairs 
of  relatively  large  teeth,  and  maxillae,  premaxillae,  and  palatines  each  with  a 
single  series  of  teeth.  Dentine  deeply  and  simply  folded  in  lower  half  of  the 
crown.  Denticles  of  branchial  arches  observed  in  young  individuals.  In  the 
caudal  region  stout  chevron  bones  are  attached  to  the  hy])ocentra,  and  inter- 
calated between  these  are  two  wedge-shaped  pieces  (Fig.  197). 

The  interclavicle  is  rhomboidal,  about  half  as  long  as  the  skull,  and  radially 
sculptured.  Clavicles  triangular,  with  short  jiosterior  pedicle  ; coracoid  and  scapula 
ossified.  Fore-limb  less  strongly  developed  than  the  hind,  and  with  four  digits. 
Ventral  armouring  of  small,  overlapping,  transversely  elongated  scales,  keeled,  and 
pointed  at  one  end  (Fig.  193,  E). 

In  H.  von  Meyer’s  elaborate  Monogi'aph,  published  in  1858,  no  less  than  271 
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examples  from  the  Lower  Permian  of  Lebach,  near  Saarbriicken,  are  described,  of 
which  102  are  figured.  The  remains,  lacking  usually  the  tail,  occur  here  in  siderite 
nodules.  A.  decheni,  v.  Meyer. 


Sparagmifes,  Fritsch  ; Discosaurus,  Credner  (Fig.  193,  G).  Low'er  Permian  ; 

Saxony  and  Bohemia. 

Chelidosa  wrus,  F ritsch . 
Like  Archegosaunis,  but 
with  broader  and  shorter 
skull,  and  no  lachrymals. 
Lower  Permian ; Bohemia. 
C.  vranyi,  Fritsch. 

Actinodon,  Gaudry  (Fig. 
218).  Basiocciput  ossified. 
Yomers  each  with  one  large 


Archcgosaiiriis  decheni,  v.  Meyer.  Lower  Permian;  Lebach,  near 
Saarbrucken.  Young  individual  with  traces  of  gill  arches.  i/i  (after 
H.  V.  Meyer). 


Archegosaiirus  decheni,  v.  Meyer. 
Skull  of  adult  individual,  i/o.  Per- 
mian ; Lebach,  near  Saarbrucken. 
Pi/u’,  Preniaxilla  ; Mx,  Maxilla;  La, 
Lachrymal ; Prf,  Prefrontal ; Ptf, 
Postfrontal ; Por,  Postorbital ; St, 
SO,  Supratemporals ; Sq,  Squamosal ; 
Pa,  Parietal;  QuJ,  Quadrato-jugal ; 
E'p,  “Epiotic”  ( = Supra  temporal). 


tooth  and  numerous  rugosities.  Vertebrae  rhachitomous.  Lower  Permian 
of  Autun,  France,  and  Rhenish  Prussia. 

Gaudrya,  Cochleosaurus,  Fritsch.  Lower  Permian ; Nurschan,  Bohemia. 
Euchirosaurus,  Gaudry.  Permian  ; France. 

Sclerocephcdus,  Goldfuss  (Onchiodon,  Gein. ; JFeissia,  Branco).  Over  1 m. 
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lou"'.  skull  I’oundcil  anteriorly,  orbits  in 


hinder  third,  anterior  nares  far 
forwards,  external  bones 
coarsely  sculptured.  Pala- 
tines with  minute  teeth, 
maxillae  and  premaxillae 
with  a series  of  lar<j;e, 
conical,  vertically  grooved 
teeth.  Dentine  deeply 
folded.  Vertebrae  rhachi- 
t onions.  Coracoid  ex- 
jianded,  with  concave  pos- 
terior border;  scaimla  long, 
slender,  tapering.  ^ entral 


M use 


frasnirili,  (iaiulry.  I'c-rmian 
I'alalal  asiicct  of  skull,  with  lowar  jaws 


near  .\utnii,  I'nim  i 
i;-.  (alter  I Iaiulry). 


scales  oat-shaped. 
I’ermian  ; Khenish 
and  Saxony. 

Malosaiirus, 
saitrus,  V.  IMeyer 


Lower 

Prussia 

dkalco- 
Zij(jo- 


sdiirns,  Eichwald  ; I'latjiups, 
Tiiiutschold.  Permian  ; 
Russia. 

Deudrerpetoh,  Owen. 
Coal  Measures;  Nova 
Scotia  and  llohemia. 
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m. 


ti’iangular 


chis,  Dissorophus,  Achelornu,  Aidsodexis,  Cope.  Penniaii ; Texas  anrl  New 
Mexico. 

Erijops,  Cope  {lihachifomas,  Epicordijlus,  Parioxys,  Cope),  (Fig.  219).  Largest 
of  North  American  Stegocephalians.  Skull  40-60  cm.  long,  and  30-46  cm. 
wide  at  occiput,  elongated  triangular,  with  somewhat  tapering  snout.  Orbits 
round,  relatively  small,  placed  in  hinder  half  of  the  skull.  Anterior  nares 
large,  widely  separated.  Cranial  bones  rugose,  sutures  indistinct.  Para- 
sphenoid  very  thick,  dagger-shaped.  On  the  palatine  two  large  conical  teeth. 
Maxilla  and  premaxilla  with  teeth  of 
various  sizes.  Teeth  sharply  conical,  on 
the  top  smooth,  at  the  base  ribbed. 

Vertebrae  rhachitomous.  Caudal  vertebrae 
few  in  number,  the  posterior  ones  fused 
into  a triangular  piece,  tapering  acutely 
behind.  Eibs  strong,  those  of  the  sacrum 
very_  broad  and  short.  Permian  ; Texas 
and  New  Mexico. 

Cricotas,  Cope.  Total  length,  3 
General  form  elongate,  with 
skull  and  short,  stout  limbs.  Snout 
narrow,  orbits  large,  elongated  oval, 
situated  near  the  middle  of  the  skull. 

External  bones  faintly  sculptured,  sensory 
canals  conspicuous,  parietal  foramen  large. 

Teeth  conical,  of  unecpial  size.  Presacral 
vertebrae  composed  of  horseshoe  - shaped 
pleurocentra  and  hyimcentra,  the  former 
alone  supporting  the  neural  arch.  In  the 
caudals  the  pleurocentra  and  hypocentra 
form  complete  rings,  and  both  elements 
take  part  in  support  of  the  neural  arch, 
but  the  haemal  arch  is  borne  exclusively  l)y  hypocentra.  Permian  ; Texas 
and  Illinois.  C.  heteroditus,  Cope. 

Dqdovertehron,  Fritsch  (Fig.  198).  Imperfectly  known. 

Bohemia.  Brachyops,  Owen;  Goiulimnosanras,  Lyddeker. 

Beds) ; East  India. 

Bothriceps,  Huxley.  Skull  triangular,  with  very  large  parietals,  and 
coarsely  sculptured  plates.  Anterior  nares  far  forwards.  Teeth  acutely 
conical,  vertically  gi'ooved.  Trias  ; Australia  and  South  Africa. 


MicrojiJudis  (jran  ulata,  Oweiisp.  Trias;  Table 
Mountain,  South  Africa.  A,  Shull,  from  above. 
B,  From  the  side.  - Vi  (after  Owen). 


Lower  Permian  ; 
Trias  (Gondwana 


Sub-Order  D.  STEREOSPONDYLI.  Zittel. 

Vertehrae  completely  ossified,  slighily  ampldcoelous,  sometdnes  centrally  'perforated 
for  passage  of  the  notochord.  Basiocdpital  region  ossified  ; sensory  canals  forming  a 
lyra  hetweeii  the  orbits  and  anterior  nares.  Teeth  with  complicated  infolding  of  the 
dentine. 

Eamily  1.  Gastrolepidotidae.  Zittel. 

Ventrcd  armour  consisting  of  elongated  bony  scutes.  Radial  prolongations  of  pulp 
cavity  only  moderately  branched.  Carboniferous  and  Permian. 
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rucusciunii 


Huxley.  Skull  broadly  triangular,  36  cm.  long,  externall)^ 
pitted.  Orbits  very  small,  situated  in  hinder 
third  of  the  skull.  Teeth  ext  email}’  furrowed, 
of  nearly  uniform  size.  Vomer  toothless, 
palatines  with  a large  tooth,  and  several  of 
smaller  size.  Dermal  scales  externally  con- 
vex, sharpened  at  the  ends.  Coal  Measures  ; 
Northumberland.  A.  russelli,  Huxley. 

Luxvriima,  Huxley  (Figs.  199,  221).  Like 
the  preceding,  but  orbits  very  large,  irregu- 
larly oval,  and  teeth  of  unequal  size.  Coal 
Measures;  Northumberland  and  Bohemia. 
Eosaurus,  IMarsh.  Known  only  by  a few 


Cross-.spctioii  of  toolli  of  Loxomma  o.Umfini, 
Iluxlpy,  in'ar  tht*  base.  Enlar'^ed.  Coal 
Measures;  XorUiumberlaiul  (afttu-  Embletoii 
ainl  Abbey). 


detached  amphicoelous 
Measures;  Nova  Scotia. 

Macromerion,  Fritsch. 
Permian  ; Bohemia. 


vertebrae.  Coal 


Imperfectly  known. 


Family  2.  Labyrinthodontidae.  {Eiujlypta,  Miall.) 

J'entrul  armonring  and  sclerotic  ring  absent.  Pectoral  j)lates  large,  coarsely 
sculptured.  Infoldings  of  the  dentine  completely  lahyrinthodont.  A few  excessively 
developed  teeth  jireseid  on  the  palatines,  tuid  sometimes  on  the  vomer  and  symphysis  of 
lower  jaw.  Trias. 

T rematosan rns,  Braun  (Fig.  222).  Skull  elongated  triangular,  about  25 

cm.  long,  with  orbits  near  the  middle.  Teeth  present  on  jaw-bones,  ])alatines, 
and  vomer,  and  inner  border  of  posterioi'  nares 
fringed  with  small  denticles.  A jiair  of  greatly 
enlarged  teeth  present  on  symphysis  of  lowei' 
jaw,  and  behind  these  a suj)j)lementary  row  of 
small  teeth.  Two  large  vomerine  tusks  in  advance 
of  the  posterior  nares,  and  three  or  four  palatine 
ones  behind  the  same.  Interclavicle  rhomboid, 
with  posterior  jiedicle.  Abundant  in  the  Bunt- 
sandstein  of  Bernburg.  T.  hranni,  Burm. 

Metojdas,  V.  IMeyer  (Jletoposaurns,  Lydekker), 

(Fig.  223).  ■ Skull  large,  broadly  triangular,  with 
elliptical  orbits  in  anterior  half,  and  large  naria! 
openings  Nasals  shorter  than  frontals  and 
parietals.  Pectoral  ]>lates  very  large.  Bibs  very 
powerful,  distally  exfianded.  Dentition  weak, 
teeth  strongly  Huted  externally,  esjiecially  at  the 
base,  with  but  slight  internal  foldings.  Teeth 
apparently  arranged  like  those  of  Capitosanrus. 

Keuper ; Wiirtemberg. 

Capitosanrus,  Miinst.  (Figs.  224,  227).  Skull  with  muzzle  often  broad 
and  obtusely  rounded.  Orbits  small,  behind  the  middle  of  skull.  Nasals 
of  equal  size  with  the  frontals  or  larger.  A .small  auditory  notch  adjacent 
to  the  so-called  epiotic.  One  or  two  powerful  tusks  jiresent  on  vomer  in 
front  of  the  internal  nares  and  on  palatines  behind  the  same.  Between  the 


Fl<;.  222. 

Skull  of  TrematOfid.urus  hrauni,  Bur- 
iiK'ist.  Buntsandstein  ; Bernburg. 
1/4  (after  Burmeister). 
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vomer  and  premaxillae  is  an  aperture  to  give  play  to  the  two  median  tusks  ' 
of  the  lower  jaw.  Keuper  ; Wiirtemberg,  Franconia,  Silesia. 


Fig.  224. 

Metopias  diagnosticus,  v.  Meyer.  Ven- 
tral aspect  of  skeletal  fragment.  Keuper ; 
Haliinveiler,  near  Stuttgart.  1/$  (after 
E.  Fraas). 


Fig.  223. 

Copitosaurus  nasutus,  v.  ]\Ieyer.  Buntsamlstein  ; 
Beniljurg.  Dorsal  aspect  of  skull. 


Fig.  225. 

Cifdotosaurus  rohustus,  v.  Meyer.  Keuper  ; Feurerbacli, 
near  Stuttgart.  Palatal  aspect  of  skull. 


Cydotosaurus,  Fraas  (Fig.  225).  Similar  to  Caj)itosaunis,  except  that  the 
auditory  notch  is  closed  behind  by  the  union  of  the  external  supratempora 
with  the  prosquamosal.  Keujier  ; Wurtemberg. 
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Masfodoimninis,  Jaeger  (Figs.  204,  200,  220).  Largest  of  all  Labto'iiitho- 
donts,  skull  L25  m.  long,  depressed,  and  with  large  orbits  liehind  the 
middle.  External  bones  sculiitured,  sensory  canals  prominent.  I’remaxillae 
pierced  for  the  passage  of  the  two  greatly  enlarged  teeth  at  symjihysis  of 
lower  jaw.  Vomers  with  a jiair  of  tusks  iii  front  of  the  posterior  nares,  and 
another  near  the  hinder  margin  ; palatines  with  a 
siimle  series  of  large  teeth.  Dentine  excessively 
complicated.  Interclavicle  rhomboidal,  clavicles 
triangular,  all  strongly  sculptured.  Ischium  very 
large,  pubis  small,  ilium  elongated,  and  articulating 
with  the  sacral  ribs.  Limbs  very  imperfectly 
known,  and  dermal  armour  not 
observed.  The  most  [lerfect  re- 
mains are  from  the  Lettenkohle  of 


I’lfi.  -.’io. 


Skull  of  Mfisloilnn>!(rtirus  iiiririiili'iix,  .lac.uiT.  A, 

Orbit;  N,  External  iiarc.s  ; ,V,  Oin‘nin;;s  for  tlie 
I).'is.sa;;e  of  the  tusks  of  lr>\ver  jaw  ; Ih/iJ',  Ure- 
uiaxilla;  Mjr,  Maxilla;  No,  Nasal;  I.acliryiual ; 

I'fr,  I’refrontal  ; /•'('.  I'rontal  ; /'//>  I’oslfrontal  ; Lower  jaw  of  Copito- 
}‘a,  I’arietal  ; I'tO,  I’ostorbilal ; Si{,  Sciuamosal  ; saurus  nosulus,  v. 
SO,  Suiuateiuporal ; /*.>,  Epiotic  ; J.  .lugal  ; (Jj,  Moyer.  'I  rias);  Bern- 

Quadrato-jugal ; KxO,  Exoccijiital  (after  E.  Fraas).  burg. 


Flo.  228. 

Fi'Otpriut-s  of  f'hcirotherium 
horlhi,  Kaup.  IIuiitsaiHl.stoin  ; 
Hossberg,  near  Hihiberghauson. 
i/ii  (after  Owen). 


Gaildorf  and  Oedendorf  in  Wurtemberg.  Fragments  occur  also  in  the  Upper 
Trias  of  England  and  Inditi,  and  possibly  tdso  in  the  Luntsandstein  of  Alsace 
and  the  Black  Forest. 

Liihi/rinthiidon,  Owen.  Upper  Trias  ; England.  Uhytidosfeus,  Otven. 
Karoo  Formation ; Orange  Free  Stiite.  Parhiigonia,  Goinogh/ptus,  Huxley. 
Trias  ; East  India. 

Footprints. — Stegocephalian  footmarks  tire  not  uncommon  in  the  Coal 
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Measures  of  Nova  Scotia,  Pennsylvania,  Kansas,  and  elsewhere.  They  occur 
also  in  the  Fiothliegendes  of  Thuringia,  Saxony,  and  Bohemia ; in  the  Karoo 
Formation  of  South  Africa,  and  the  Connecticut  Valley  Trias.  More  notable 
still  are  the  Buntsandstein  localities  in  Thuringia  (Fig.  228)  and  Franconia, 
and  those  of  the  English  and  Franconian  Keuper.  The  impressions  alwai’s 
occur  along  stratification  planes,  and  on  removal  of  the  superjacent  layer  the 
counterpart  appears  in  relief,  and  is  usually  accompanied  by  a series  of  fossil 
mud-cracks.  Most  of  these  tracks  are  five-toed,  although  some  occur  in  which 
the  manus,  which  is  invarialdy  of  smaller  size  than  the  pes,  has  but  four  digits. 


Order  2.  GYMNOPHIONA.  {Apoda,  Oppel.) 

Vermiform,  amphihia  covered  with  small  scales,  arranged  in  transverse  rings, 
and  witlicmt  limbs.  Vertebrae  amph.icoelous,  with  persistent  notochord.  Cranium 
ossified ; maxillae  and  palcdines  with  small,  backivardlg  curved  teeth.  Bibs  weald g 
developed.  Pectoral  and  pelvic  arches  absent. 

The  Coecilians  constitute  a small  group  restricted  to  the  South  American 
and  Indo-African  tropics,  and  are  unknown  in  the  fossil  state. 


Order  3.  URODELA.^  (Caudala  ; Batrachia  gradientia.) 

Elongate  amphibia  with  naked  skin,  usuallij  with  two  pairs  of  short  limbs  and 
perennial  tail,  tvitji  or  without  external  gills.  Cranium  without  supraoccipital,  post- 
orbitals,  and  suprafeinporcds.  J'ertebrae  usuullg  completely  ossified.  No  parietal 
foramen,  llio-sacral  connection  acetabular. 

Urodeles  are  distinguished  from  Stegocephalians  chiefly  l>y  their  naked 
body,  solid  vertebrae,  extremely  short  ribs,  and  peculiarities  in  the  conforma- 
tion of  the  skull  and  pectoral  arch.  The  vertebrae  may  be  either  amphicoelous 
or  opisthocoelous,  are  rarely  pierced  for  the  notochord,  and  have  weakly 
developed  spinous  and  transverse  processes. 

The  skull,  which  is  broad,  flattened,  and  anteriorly  rounded,  remains  partly 
cartilaginous  even  in  the  adult,  and  both  membrane  and  cartilage  bones  are 
among  its  components.  The  cranial  roof  is  formed  hy  the  parietal,  frontal, 
and  prefrontal  elements,  adjoining  which  on  either  side  are  the  large  temi)oral 
fossae  and  orbits.  The  nasal  capsule  is  sometimes  covered  liy  ossified  nasals, 
and  sometimes  remains  cartilaginous.  The  anterior  and  lateral  margins  of 
the  skull  are  formed  by  the  premaxillae  and  maxillae,  but  the  latter  are 
sometimes  entirely  wanting.  In  the  basioccipital  region  only  the  exoccipitals 
are  ossified,  and  the  auditory  capsule  remains  either  cartilaginous  or  partially 
ossified,  being  covered  by  a thin,  transversely  elongated  squamosal.  Jugal 
and  quadrato-jugal  are  absent,  the  quadrate  is  small,  and  only  its  articular 
extremity  is  ossified.  Parasphenoid,  vomers,  and  pterygoids  are  conspicuous 
on  the  under  side  of  the  skull,  but  the  palatines  are  frequently  atrophied. 

^ Meyer,  II.  von,  Zur  Fauna  der  Vorwelt,  pt.  2.  Frankfort,  1845. — Salaniandriuen  aiis  der 
Brauukolile,  etc.  (Palaeontogr.  vol.  VII.),  1860  ; also  vol.  II.  p.  70,  and  vol,  X.  p.  292, — Strauc/), 
A.,  Revision  der  Salamandrideug.attungeu,  St.  Petersburg,  1870. — Wiederslieim,  It.,  Salamandrina 
perspicillata,  Versiich  eiuer  vergleichenden  Anatomie  der  Salainandrinen.  Wurzburg,  1875. — Das 
Kopfskelet  der  Urodelen.  Leipzic,  1877. — hollo,  L.,  Note  sur  le  Batracien  de  Bernissart.  (Bull. 
Mus.  Roy.  d Hist.  Nat.  Belg.  vol.  III.),  1884.  [llylaeohatrachos.'l 
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Small,  acutely  conical  pleuroclont  teeth  (Fi".  229)  are  present  in  both  jaws, 

, and  also  on  the 

vomer  and  pala- 
tines. 

The  pectoral 
arch,  remains  for 
the  most  jiart  car- 
tilaginous. Only 
the  ventral  por- 
tion of  the  sca- 
pula, together 
with  the  proximal 
ends  of  the  cora- 
coid and  precora- 
coid unite  to  form 
a common-  osseous 
plate.  In  the 
pelvic  arch  oidy 
the  ilium  a n d 
large  ischia  are 
regularly  ossified, 
the  ])ul)is  remain- 
ing, as  a rule,  car- 
tilaginous. The 
limbs  do  notdifter 
essentially  from 
those  of  Stego- 
cejdialians,  and 
the  carpus  and 
tarsus  exhibit 
various  degrees 
of  ossification. 

Urodeles  are 
fresh  - water  in- 
habitants, 01'  live 
Fir;.  ill  daiiij)  sluuly 

Skull  of  Cniprnlirotirhus  jitponit'vs,  v.  d.  llopvcii.  .1,  Dorsal:  ami  }i,  Palatal  ])1«'ICCS  Oil  thc 

a>|K‘fts.  C,  Lower  jaw.  I’rcinaxilla  ; Mx,  Maxilla;  Xn,  Nasal;  7V/,  Pre-  } j i • i.* 

frontal:  Fr,  Frontal;  7V/,  I’arielal  ; ( Irbitosphenoid  ; Fit),  Exoccipital ; Qu,  SUuSlSting 

(^nailrate : >’7,  Scpiamosal  : 7T.  Ptcryfioid : J'Sph,  Parasjdienoid  ; Fo,  Vomer;  (F 
Palatine  vacuity ; X,  Kxteiaial  nares.  | WUIIllb, 

tropods,  small 

aipiatic  animals,  and  fish  spawn.  Fossil  remains  occur  only  in  fresh-water 
deposits,  and  are  always  very  rare.  Hut  one  Mesozoic  skeleton  is  known,  and 
the  few  Tertiary  genera  are  scarcely  distinguishable  from  those  now  living. 


Jntx: 


ui\u 


2nd 


Vt- 


Sub-Order  A.  ICHTHYOIDEA. 

Vertehrae  aiiipJiicoelous,  with  persistent  remnants  of  notochord.  Three  jjairs  of 
perennial  external  gills,  or  in  their  absence  a persistent  branchial  aperture.  Eyes 
small,  without  ilisfinrf  lids.  Agnatic  habitat. 
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To  this  group  probably  belong  the  unique 
from  the  \Veahlen  of  Bernissart,  Belgium, 
earliest  known  Uroclele ; and  also  the  giant 
salamander  from  the  Miocene  of  Oeningen, 
Baden  (Andrias  scheuchzeri,  Tschudi,  Fig.  230), 
originally  described  by  Scheuchzer  as  Homo 
dilmii  testis.  The  latter  genus  attains  a length 
of  about  1 m.,  and  differs  but  slightly  from 
the  recent  Cri/ptobmnchus,  v.d.  Hoeven  {Megalo- 
bafrachus,  Tschudi),  of  Japan.  A somewhat 
smaller  species  (^Andrias  tschudii,  v.  Meyer) 
occurs  in  the  Miocene  lignite  of  Rott,  near 
Bonn. 


Sub-Order  B.  SALAMANDRINA. 

Vertebrae  opisthocoelous,  completeh/  ossified. 
IVithout  gills  or  gill  aperture;  well-developed  eye- 
lids always  present.  Maxillae  present ; both  jaws 
toothed. 

Several  genera  resemlJing  recent  newts  and 
salamanders  occur  sparsely  in  the  Upjier  Eocene 
(or  Oligocene)  of  Quercy  and  Sansan  in  France  ; 
Lower  Miocene  of  Rott  and  Erpel,  near  Bonn  ; 
and  the  Bohemian  Tertiary.  Among  these  may 
be  mentioned  Polysemia,  Ileliarchon,  and  Arch- 
aeotriton,  v.  Meyer ; Megalotriton,  Zittel ; and 
possibly  Molge  {Triton)  itself. 


Hylaeobatrachns  croyi,  Dollo, 


Ayidrias  scheuchzeri,  Tschiuli. 
Miocene;  Oeningen,  Baden.  Vn- 


Order  4.  ANURA.  {Ecandata,  Batrachia  salentia.'^) 

Naked,  tailless  amphibia  of  compact  form,  and  with,  ‘usually  procoelous 
vertebrae.  Caiwlal  vertebrae  coalesced  into  a slender  elongate  yriece,  or  coccyx.  Pubis 
and  ischium  fused.  Carpus  and  tarsus  ossified,  and  the  two  bones  forming  the 
proximal  row  of  the  latter  greatly  elongated.  Plevelopment  by  metamorphosis.  No 
gills  in  the  adult.  Bio-sacral  attachment  extremely  pre-acetabular. 

The  vertebral  column  consists  in  the  adult  of  from  ten  to  twelve  usually 
procoelous  vertebrae,  all  of  which  with  the  exception  of  atlas  and  coccyx  bear 
stout  transverse  processes.  Short  ribs  are  present  in  the  Discoglossidae,  but 
are  elsewhere  wanting  in  this  order.  All  the  post-sacral  vertebrae  become 
fused  during  metamorphosis  into  a single  caudal  piece,  or  coccyx  or  urostyle 
(Fig.  231). 

The  skull  (Fig.  232)  is  flattened,  with  very  large  orbits.  Parietals  and 
frontals  are  fused  into  an  elongated  pair  of  median  elements,  in  front  of 
which  lie  the  ring-shaped  sphenethmoid  (or  orbitosphenoid)  and  nasals. 

' .Meyer,  U.  ron,  Zur  Fauna  der  Vorwelt,  pt.  1.  Frankfort,  1845. — Also  articles  in  Palaeontogr. 
vol.  II.  p.  70  ; vol.  VII.  p.  46  ; and  Neues  Jahrl).  fiir  184.3,  pp.  395,  580  ; 1845,  p.  798  ; 1846, 
p.  351  ; 1847,  p.  192;  1851,  p.  78  ; 1852,  pp.  57,  465  ; 1853,  p.  162  ; 1858,  p.  202  ; and  1863, 
p.  187.  — Wolterstorff,  W.,  Ueber  fossile  Frosche  iusbesondere  I’alaeobatraclms  [with  complete 
bibliography].  (Jahresb.  naturw.  Vereins  Magdeburg  fur  1885,  ’86),  1886-87. 
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The  basioccipitiil  region  ami  auditory  capsules  are  ossified  ; the  parasidieuoid 
is  inverted  T-shaped ; and  the  pterygoid,  jialatiue,  and  jugal  are 


Vert<‘ljral  coluiim  of  .1.  Dorsal  : 

ami  A’,  Vpiitral  asppct.  Vi-  Atlas ;(/,  Trans- 
verse process;  c,  Anterior;  z\  i^isterior  /ygapo- 
])liyscs  ; sr,  Sacral  vertelira  ; '-or,  Coccyx. 


well 

developed,  the  last-named  joining  the 
maxilla  in  front  and  quadrato-jugal  behind. 
Small,  bristle-like  pleurodont  teeth  occur  on 
the  jaw-bones  and  vomer,  or  may  be  entirely 
wanting. 

The  pcriorul  arch  (Fig.  23.3)  is  remark- 
able for  its  large-sized  scapular  element, 
which  is  commonly  divided  and  incom- 
jiletely  ossified,  and  joins  with  the  coracoid 
and  precoracoid.  The  sternum  is  also  large 
and  more  or  less  cartilaginous  ; of  its  three 
ossified  portions,  the  anterior  is  called  the 
omosternum ; the  middle  piece  is  the 
sternum  proiier  ; and  the  jiosterior,  which 
terminates  in  a semicircular  cartilaginous 
exjiansion,  is  the  xiphisfernum.  Ulna  and 
ladiiis  are  fused,  the  two  rows  of  small 
carpals  are  ossified,  and  the  manus  is  jiro- 
vided  with  four  digits. 


The  three  elements  of  the  prlrk  arch  are 
coiissified  at  the  acetabulum  on  either  side 
to  form  a single  piece,  which  joins  its  fellow 
in  a median  symphysis.  Tibia  and  fibula  are  fused,  the  two  bones  forming 
the  proximal  row  of  the  tarsus  (astragalus  and  calcanenm)  are  much  elongated, 
and  the  pes  has  five  digits. 

Fo.ssil  Aniira  are  rare,  the  oldest  clearly  identifiable  remains  occurring  in 
the  Eocene  of  East  haVui  {Oxi/f/Jnssns  pusilhis,  Owen  sp.)  and  Wyoming.  A few 


.1 


c 


3’ jr  jc 


Tmx; 


Met 

I'lc.  -.’32. 


Skull  of  Jiniiii  i fi'iih'iil".  I.iiiii.  A,  l•■l■onl  above.  l■'roM]  tlie  side.  C,  l''rom  below.  Pmr,  Preinaxilla  ; Mj', 
Maxilla  ; -X",  Xasal  : Fi  J'u,  I'roiito-parietal ; .''Ij,  .Si|uaiiiosal  (tyuipaiiie) ; (JnJ,  Quadrato-ju"al ; hn.  Hyoid  ; mil. 
Lower  jaw;  PSph.  I’arasplieiioid  ; I'li,  Vomer;  PI,  Palatine;  PI,  Pterygoid;  Pth,  Ktlimoid  (Orbito.splipnoiil); 
/',  I’elro.sal. 


genera  are  known  from  the  Upper  Eocene,  Oligocene,  and  Lower  Miocene  of 
Southern  France,  Northern  Italy,  and  Germany,  Huna  and  Palaeohatrachus 
lieing  the  commonest  forms.  Fhosphatised  mummies  both  of  liana  and  Ihijo 
occur  in  the  Eocene  (or  Oligocene)  Fhosphorites  of  Quercy.  The  IMiocene 
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lignites  near  Bonn  yield  not  only  numerous  perfect  skeletons,  Imt  impressions 


Fig.  •2'6o. 

Larvae  of  Faloeo- 
hotrachus  fntschii, 
Wolterstortf.  Mio- 
cene Li<^nites  : Kal- 
temiordiieim,  Rliun. 
i/i  (after  Wolterstortf 
and  Meyer). 


Fig.  234. 

rolaeohatro.cliufi  grandipes,  Giehel.  Lignite;  Orsberg  in 
Siebengebirge.  -/3  (after  Wolterstortt'). 


Baden. 


of  tadpoles  belonging  to  the  genus  I’aJaeo- 
butrachus,  Tschudi,  are  plentiful  (Figs. 
•234,  235). 

Perfect  skeletons  of  large  toads 
{Lafonia  sei/friedi,  v.  Meyer ; Pelophilus 
agassizi,  Tschudi)  are  known  from  the 
Miocene  fre.shwater  marls  of  Oeningen, 
The  equivalent  deposits  of  Giinzburg,  Sansan,  and  Sinigaglia  likewise 


yield  remains  of  tailless  Batrachians.  Pleistocene  Aintm,  like  late  Tertiary 


Urodeles,  belong  exclusively 


to  recent  genera. 


Fig.  233. 

Pectoral  arch  of 
Eitna  temporaria; 
ost,  Omosternuni ; 
ssc,  Suprascapula  ; 
prc.  Precoracoid . 
cor,  Coracoid ; st, 

Sternum  ; Xst,  Xi- 
phisternum.  (The  dotted  parts  are  cartilaginous  ) 


VERTICAL  RANGE  OF  AMPHIBIANS. 


Stegoceph.vli.v 

Lepospo^idyli 

TemnosporuhjU 

Stereospondyli 

Gymxophioxa 

Urodela 

Ichthyoiclea 
Salamandrina 
Axura  . 


I 

C 


3 

a 


I 1 

z 

<v 

Ph 


! 


i 

= 


Eocene. 

o; 

bC 

zl 

i 

I I 

!l 

■ 

j 

I 

I 

I 

[The  preceding  chapter  on  Amphibia  has  been  translated  and  extended,  without  altering 
the  classification,  by  Dr.  E.  C.  Case,  of  the  State  Normal  School  at  ^lilwaukee,  Wisconsin. 
— Editok.] 
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Class  3.  REPTILIA.' 

Cuhl-Uooded,  naked,  srahi  or  armoured  rertehrafes,  with  exdusivehj  pulmonary 
respirufion,  and,  ierrcstrial  or  aquatic  in  habit.  Skeleton  completely  ossified  ; embryo 
tcith  amnion  and  allantois,  development  without  metamorphosis.  Skull  with  a single 
basioccipital  condyle.  Two  qmirs  of  limbs  u.sually  present ; metapodal  bones  separate. 

In  external  ajipearance  reptiles  closely  resemble  amphibians,  but  are 
vastly  more  dili'erentiated  as  a class,  and  are  mostly  of  greater  size.  Their 
extremities  exhiliit  great  diversity  in  stiucture  and  function.  Among  the 
Pterosauria  the  anterior  limb  is  transformed  into  a volant  organ  provided 
with  a flexible  wing  membrane  ; among  Dinosaurs  the  appendicular  skeleton 
attains  a size  and  ponderosity  unsurpassed  by  the  largest  land  mammals  ; in 
marine  reptiles  the  limbs  are  paddle-shaped  ; and  in  most  Lacertilians,  Thero- 
morphs.  Crocodiles,  and  Dinosaurs  the  limbs  are  ambulatory;  while  the  only 
apodal  forms  occur  among  the  Squamata  (snakes  and  certain  lizards). 

The  integument  of  reptiles  is  tougher  than  that  of  amphibians,  and  a more 
or  less  perfect  exoskeleton  is  often  develo])ed  in  consecpience  of  the  ossifica- 
tion of  the  cutis  and  coriufication  of  the  epidermis.  The  former  may  give 
ri.se  to  bony  scutes  overla})ping  one  another  in  a tectiform  manner,  or  to 
larger  bony  plates  with  closely  applied  edges,  arranged  so  as  to  form  a more 
or  less  continuous  shield,  as  in  tortoises. 

The  vertebral  column  is  always  ossified,  although  remnants  of  the  notochord 
may  persist  in  the  centra.  In  all  cases  where  both  pairs  of  limbs  are  present, 
cervical,  dorsal,  sacral,  and  caudal  regions  are  distinguishable,  and  the  dorsal 
series  may  be  often  subdivided  into  thoracic  and  lumbar  vertebrae.  The 
vertebral  centra  exhiljit  all  gradations  between  amphiplatyan,  amjihicoelous, 
procoelous,  and  opisthocoelous  ; and  the  union  between  the  centra  and  their 
neural  arches  may  be  cartilaginous,  sutural,  or  by  anchylosis.  The  neural 
spines  are  always  ossified.  Somefimes  they  are  enormously  produced,  in 
other  cases  (Chelonia)  laterally  expanded  and  muted  with  dermal  plates.  The 
anterior  zygapophyses  have  faceftes  looking  inward  and  npwai’d  which  are 
overriden  by  the  post-zyga])ophyses  of  the  vertebra  immediately  in  front ; and 
in  the  Squamata  and  Dinosauria  the  vertebrae  are  still  further  conjoined  by  a 
median  process  given  off  from  the  anterior  (zygosjdiene)  or  posterior  (hyposphene) 
end  of  the  neural  arch,  and  received  into  a notch  of  the  arch  next  behind 
{-.ygantnim)  or  in  front  (hypantrum).  The  cervicals  generally  bear  short 
tranverse  processes  {diapoqdt yses)  attached  to  the  sides  of  the  centra,  but  in 
the  dorsal  series  these  processes  are  given  off  from  the  neural  arches.  The 
haemapophyses  or  “ chevron  bones  ” of  the  caudal  scries  sometimes  form  true 

^ t.iteraturc : 

Uaur,  <i..  On  the  phylogenetic  arr.-ingement  of  the  S.anropsiila  (.Journ.  Morpliol.  vol.  I.  No.  1), 
1>'S7. — Reinerkungen  Ubei'  die  Osteologie  der  Schliifengegend  der  hdheren  Wirhelthiere  (Anat. 
.\n7..  vol.  X.  ]i.  31,1),  1894. — Chpc,  A'.  ]).,  Syno])sis  of  the  e.xtinct  llatrachia.  Kejitilia  and  Aves 
of  North  America  (Trans.  Amer.  Phil.  Soc.  vol.  XIV.),  1869. — On  the  homologies  of  the  posterior 
cranial  .arehe.s  in  the  llejitilia  {ihid.  vol.  XVII.),  1892. — FUrhriiir/cr,  ,1/.,  Zur  vergleichenden 
,\natomie  des  llrustschnlterapparats  nnd  iler  Schulterniuskeln.  IV.  Theil.  (Zeitschr.  fUr  Naturwis- 
sensch.  vol.  X.KXIV. ),  1900. — Jlnjfi/unin,  C.  A'.,  Die  Keptilien,  in  Broun’s  Classen  nnd  Ordnungen 
dfS  Thierreichs,  vol.  VI.  pt.  3,  1879-89. — Li/'dkkvr,  R.,  Catalogue  of  the  fossil  Reptilia  and 
Amphibia  in  the  Briti.sh  Museum,  vols.  I. -IV.  London,  1888-90.  -J/iS.f/rr.  II.  von,  Znr  Fauna,  der 
Vorwelt.  Pt.  I.-IV.  Frankfort,  184.5-60. — Oieen,  11..  Re])ort  on  Briti.sh  fossil  Reptilia  (Rept. 
Brit.  Assoc.  Adv.  Sci.  9th  Meet.  p.  43),  1839.  Also  ihid.  11th  Meet.  p.  60,  1841. — A Ili.story  of 
British  fossil  Reptiles  [Reprint].  London,  1849-84. 
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haemal  arches,  or  their  halves  may  unite  in  a single  piece.  Among  existing 
reptiles  there  are  never  more  than  two  sacral  vertebrae,  but  the  sacrum  of 
Dinosaurs  sometimes  comprises  as  many  as  ten,  and  that  of  Pterosaurs  from 
three  to  six.  When  more  than  three  are  present,  however,  they  are  usually 
cobssified  into  a single  piece  (sijnsacrum).  Only  among  Ophidians,  Pythono- 
morphs,  and  Ichthyosaurs  is  there  no  dift’erentiated  sacral  region.  Small 
cuneiform  intercentra  {hypocentra)  may  be  inserted  between  the  cervicals, 
caudals,  and  a portion  or  all  of  the  dorsals. 

All  the  vertebrae  with  the  exception  of  the  posterior  caudals  may  bear 
ribs.  Cervical  ribs  are  as  a rule  short,  and  have  the  distal  end  expanded  in 
hatchet-shaped  fashion.  When  a sternum  is  present,  the  ribs  with  which  it 
is  connected  facilitate  the  distinction  between  cervical  and  dorsal  regions. 
The  posterior  dorsal  ribs  have  free  extremities,  and  lumbar  vertebrae  are 
always  non-costiferous.  Cervical  ribs  are  usually  double-headed,  and  the 
centra  exhibit  two  facettes  for  their  attachment.  Dorsal  ribs  may  be  either 
single  or  double-headed,  and  in  Chelonians  are  remarkable  for  their  union 
with  the  broad  costal  plates  of  the  carapace.  Many  of  the  Reptilia  develop 
so-called  abdominal  ribs,  which  are  ossifications  of  the  connective  tissue,  and 
correspond  to  the  ventral  scales  of  Stegocephalians. 

The  shull  agrees  more  nearly  with  that  of  birds  than  amphibians  in  its 
general  features,  and  the  ossification  of  the  primordial  cranium  is  much  more 
complete  than  in  the  latter  group.  The  investing  niemlirane  bones  are  so 
intimately  united  with  true  cartilage  bones  that  a distinction  is  often 
impossible.  The  basiocciput  articulates  with  the  atlas  by  means  of  a single, 
sometimes  tripartite  condyle,  formed  either  by  the  basioccipital  alone,  or  by 
this  bone  in  conjunction  with  the  exoccipitals.  Both  the  basioccipital  and 
supraoccipital  may  be  excluded  from  the  borders  of  the  foramen  magnum.  Of 
the  bones  forming  the  auditory  capsule,  the  jirootic  (petrosal)  is  situated  in 
front  of  the  lateral  parts  of  the  occipital  regioi'i ; it  occurs  as  a separate  bone, 
and  its  front  margin  is  pierced  for  the  third  branch  of  the  trigeminus  nerve. 
The  opisthotic  is  often  fused  with  the  exoccipital,  and  the  epiotic  with  the 
supraoccipital.  Besides  the  usual  auditory  opening,  or  fenestra  ovalis,  there  is 
commonly  a fenestra  rotunda ; the  position  of  the  former  is  either  between  the 
exoccipitals,  or  between  the  opisthotic  and  prootic.  At  the  base  of  the  skull 
immediately  in  front  of  the  basioccipital  occurs  the  basisphenoid,  a true  carti- 
lage bone,  in  place  of  a parasphenoid  ; and  this  is  continued  in  front  by  the 
presphenoid. 

Alisphenoids  and  orbitosphenoids  are  as  a rule  wanting,  or  are  replaced 
by  downwardly  directed  processes  of  the  parietals  and  frontals.  The  last- 
named  bones  are  usually  of  large  size,  and  may  be  either  paired  or  unpaired. 
Applied  to  the  parietals  on  either  side  is  a large  squamosal,  which  takes  part 
in  the  posterior  cranial  border  and  that  of  the  supratemporal  vacuity.  The 
lower  end  of  the  squamosal  usually  abuts  against  the  quadrate,  which  is 
always  strongly  developed,  and  bears  a condyle  for  articulation  with  the  lower 
jaw.  Sometimes  the  squamosal  is  divided,  the  upper  portion  being  identified 
as  the  prosquamosal  or  supratemporal.  In  Sphenodon  the  two  components 
later  become  coalesced. 

Among  the  Sqiiamata  the  quadrate  is  movably  articulated  with  the  squa- 
mosal, being  united  by  ligaments  only  {Streptostylica)  ; but  among  other 
reptiles  it  is  rigidly  attached  to  the  skull  by  sutures  (Jdonimostylica).  The 
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(juadriito-jugal,  when  present,  lies  above  and  anterior  to  the  quadrate, 
connecting  it  witli  the  jugal.  The  latter  joins  the  hinder  end  of  the  maxilla, 
and  forms  with  it  the  inferior  border  of  the  orl)it.  The  bony  arcade 
separating  the  orbits  and  temporal  fossae  is  formed  by  either  the  postorl)ital 
alone,  or  by  that  bone  in  connection  with  the  postfrontal  and  jugal.  The 
prefrontals  are  usually  well  developed,  and  adjoin  the  frontals  on  either  side  ; 
sometimes  they  exclude  the  latter  from  the  superior  border  of  the  orbit,  and 
assist  the  lachrymals  in  forming  its  anterior  border.  The  nasal  ca])sule  is 
roofed  bv  the  prefrontals  and  nasals,  and  bounded  anteriorly  by  the  paired  or 
unpaired  premaxillae.  The  latter,  together  with  the  maxillae,  comjilete  the 
front  rim  of  the  u])i)er  jaw. 

d'he  chief  modifications  of  the  skull  amongst  different  orders  consist  in  the 
rearrangement  of  the  bones  of  the  jiostero-lateral  regions  into  separate  bars 
or  arcades,  accompanied  by  tlie  formation  of  temporal  vacuities  (Fig.  2.'5G). 


inul ; Maxilla:  n.  Xarial  opening;  Nasal:  o,  Orbit;  l*ari«;bil ; prn^,  Preimixilla  ; prf,  Prefrontai  ; 
/'(/.  Postfrontal : jitn.  Postorbital ; ijJ,  Quadrato-ju^Ml  ; t/a.  Qiunlratc  ; Suprateinporal  vacuity  ; Squamosal. 
^'a^•lli{ in's  shaileil  witli  vertical  lines,  carlilajxc  bones  <lottc*l  (from  A.  S.  W<io«hvanl). 

Among  Tlicromorpha,  Siiuroptenjfiia,  Chelonia,  and  IchthpoMuria,  a supratemporal 
vacuity  is  jjroduced  by  the  squamosal  being  thrust  outward  to  foi’m  with  the 
<piadrato-jugal  and  jugal  a bi’oad  arch  along  the  cheek.  A further  stage  is 
exhibited  by  the  Iihynchoce])halians,  Dinosaurs,  Crocodiles,  and  Pterosaurs, 
where  the  arrangement  of  the  squamosal  is  the  same,  but  the  broad  arch  of  the 
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cheek  plates  is  pierced  by  a lateral  temporal  vacuity,  leaving  a narrow  bar 
above  and  another  narrow  bar  below.  Among  Lacertilians  this  lower  bar 
becomes  lost,  and  finally  among  Snakes  both  bars  disappear,  leaving  but  one 
extensive  vacuity.  For  those  orders  of  reptiles  distinguished  by  having  two 
temporal  arches,  namely,  the  Ehynchocephalians,  Crocodilians,  Dinosaurs,  and 
Pterosaurs,  Cope  has  projiosed  the  term  Archosauria.  This  grouji  properly 
includes  also  the  Squamata,  in  which  one  or  both  arches  have  become  obsolete. 

On  the  under  side  of  the  skull  the  pterygoid  forms  the  connection 
between  quadrate,  basisphenoid,  and  palatines.  It  varies  considerably  in  size 
and  shape  amongst  the  different  orders,  according  as  the  quadrate  and  maxillo- 
palatine  apparatus  are  movably  or  rigidly  united  with  the  wall  of  the  skull. 
In  many  forms  a transverse  bone  (ectopterygoid)  is  developed  between  the 
pterygoid  and  maxilla,  and  a slender  column-like  bone  called  the  columella  or 
epipterygoid,  extends  between  the  parietal  and  pterygoid  (Fig.  253).  Some- 
times a flat  expansion  of  the  maxillae  joins  with  the  palatines,  and  enters 
with  these  bones,  the  vomers,  premaxillae,  and  pterygoids  into  the  formation 
of  a secondary  bony  palate.  The  lower  jaw  is  composed,  as  in  Amphibians, 
of  a dentary,  splenial,  coronoid,  angular,  and  surangular  formed  from  mem- 
brane ossifications,  and  an  articular  formed  from  Meckel’s  cartilage.  Crocodiles 
have  the  lower  jaw  as  well  as  many  of  the  cranial  bones  hollow  and  jmeu- 
matic. 

Teeth  are  wanting  only  among  Chelonians  and  isolated  reiiresentatives  of 
other  groups.  As  a rule  they  occur  extensively  on  the  jaw  bones,  and  in 
some  cases  also  in  the  palatines,  pterygoids,  and  vomers.  The  greater  numlier 
are  single-rooted,  those  with  divided  roots  being  very  excejitional.  The 
crown  consists  chieHy  of  dentine,  covered  with  a layer  of  enamel ; cement 
enters  but  slightly  into  its  composition,  and  vasodentine  is  entirely  wanting. 
The  form  is  usually  sharply  conical,  either  erect  or  recurved,  but  there  are 
many  other  varieties,  such  as  depressed,  hemispherical,  or  even  ]iavement-like  ; 
some  have  bevelled  edges,  or  are  chisel-  or  spade-shaped,  and  a few  are  multi- 
cuspidate.  Pleoilont  teeth  have  solid  crowns,  as  contrasted  with  coelodont, 
which  grow  from  persistent  pulps.  Themlonf  or  socketed  teeth  are  insei'ted  in 
alveoli,  acrodont  fused  udth  the  supporting  bone  along  the  outer  rim  or  top, 
and  qheurodont  teeth  are  developed  laterally  along  the  Hange-like  inner  rim  of 
the  jaw. 

With  the  exception  of  Snakes  and  certain  Lacertilians,  two  i)airs  of  limbs 
are  always  present.  In  the  pectoral  arch  the  principal  bones  are  the  coi-acoid 
and  scapula,  the  former  usually  exceeding  the  latter  in  size,  and  forming 
either  alone  or  in  connection  with  the  scapula  the  glenoid  cavity  for  the 
humerus.  Clavicular  and  interclavicular  elements  may  or  may  not  bo  ju'esent, 
and  the  same  is  true  of  the  precoracoid,  which  occurs  usually  as  an  anteriorly 
directed  process  of  the  coracoid.  The  scapulae  are  normally  directed  upward 
and  backward,  and  are  well  separated  by  the  clavicular  arch  when  jiresent. 
The  interclavicle  (or  episternum),  may  lie  rhomlioidal,  cruciform,  or  T-shaped, 
and  differs  from  the  adjacent  bones  in  being  of  membranous  origin.  Posterior 
to  the  interclavicle  is  usually  a flat,  rhomboidal,  or  aspidate  sternum,  to  which 
the  anterior  dorsal  ribs  are  attached  by  means  of  intermediate  pieces.  Very 
frequently  the  sternum  is  wanting ; when  present  its  antero-laf eral  margin  is 
always  ajiplied  against  the  coracoid,  and  when  absent  the  coi'acoids  unite  in  a 
median  symphysis  or  are  joined  together  by  ligaments. 
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The  appendicuhir  skeleton  is  constituted  essentially  as  in  Amphibians. 
In  the  fore-limb  the  humerus  of  some  fossil  forms  is  pierced  at  its  distal  end 
by  one  or  two  foramina,  as  in  certain  mammals  ; but  among  living  reptiles 
this  character  appears  only  in  Splieiiudon.  The  ulna  sometimes  e.vceeds  the 
radinsin  length, and  is  sometimes  provided  proximally  with  an  olecranon  process. 
The  carpus  consists  always  of  two  rows  of  bones,  of  which  the  proximal  contains 
two  or  three,  and  the  distal  from  three  to  six  elements;  occasionally  these 
rows  are  separated  liy  one  or  two  cpntralia.  The  bones  of  the  maims  undergo 
excessive  moditicatioiis  correlating  with  their  function.  There  are  commonly 
from  two  to  five  digits,  and  among  Ichthyosaurs  even  more  than  five.  The 
third  and  fourth  digits  usually  ]iossess  a larger  number  of  phalanges  than  the 
rest.  The  most  generalised  type  of  maims  and  pes  is  found  among 
Chelonians. 

Numerous  modifications  occur  also  in  the  jielvic  region  and  posterior  limb. 
A sacrum,  consisting  normally  of  two  vertebrae,  is  present  in  all  reptiles  with 
the  exception  of  Snakes,  Ichthyosaurs,  and  Pythonomorjihs.  Among  Snakes 
the  pelvis  is  either  entirely  wanting,  or  represented  liy  vestigial  ischia ; and 
rudimentary  ilia  are  present  among  a]>odal  Lizards.  All  other  reptiles  have  a 
lielvis  coni])osed  of  the  three  usual  elements,  and  as  a rule  they  all  take  2>art 
in  the  formation  of  the  acetabulum.  The  ilium  is  often  much  extended 
antero-posteriorly.  The  ischia  are  generally  larger  than  the  jnibes,  and  lioth 
])airs  converge  ventrally  in  front,  and  join  in  median  symphyses.  A decided 
bird-like  aspect  is  observed  in  the  pelvis  of  Dinosaurs,  owing  to  the  downward 
and  backward  extension  of  the  greatly  elongated  ischium,  and  the  anterior 
prolongation  of  the  dorsal  part  of  the  ilium.  The  hind  limb  closely  resembles 
the  fore  in  most  cases.  One  or  two  trochanters  may  occur  on  the  proximal 
portion  of  the  femur,  and  there  are  generally  two  rows  of  tarsals.  The 
Sauropsukt  (Reptiles  and  Birds)  difi'er  from  mammals  in  having  the  ankle-joint 
between  the  two  rows  of  tarsals,  and  never  betAveen  the  tibia  and  proximal 
tarsals.  Various  modifications  of  the  hind  limb  occur,  A\’hich  arc  noted  in  the 
discussion  of  the  different  groups. 

llahitat.  — Their  respiration  lieing  exclusively  ])ulmonary,  reptiles  are 
adajited  to  a terrestrial  or  amjihibian  existence.  Even  the  small  number  of 
marine  Chelonians  and  Lacertilians  visit  the  shores  jieriodically  for  the  pur- 
pose of  depositing  their  eggs.  Among  extinct  forms.  Ichthyosaurs,  Sauro- 
ptervgians,  ami  Pythonomorphs  Avere  truly  marine,  and  provided  Avith  paddle- 
shaped extremities.  The  majority  of  fossil  reptiles,  hoAvever,  Avere  land  forms ; 
some  appear  to  have  lieen  arboreal,  and  the  Pterosaurs,  as  their  name  implies, 
AA'ere  volant,  or  at  least  capable  of  gliding  through  the  air.  There  is  reason  to 
suppose  tliat  Dinosaurs  Averc  viviparous,  as  is  knoAvn  to  be  true  of  Ichthyo- 
saurs, and  some  of  the  former  Avere  of  bipedal  gait. 

0\  er  .‘5500  recent  sjiecies  of  reptiles  ha\'e  been  described,  a number  greatly 
exceeding  the  known  fossil  forms.  The  latter,  hoAvever,  exhibit  far  greater 
diversity  in  structure  than  living  species,  and  hence,  a knoAvledge  of  their 
organisation  is  indispensalde  for  an  understanding  of  the  class.  The  earliest 
undoulited  reiitilian  remains  (Proferosouria)  are  of  LoAver  Permian  age,  and 
although  not  plentiful  here,  numerous  forms  are  knoAvn  from  the  Upper  Per- 
mian of  Euroiie,  North  America,  and  South  Africa.  The  culmination  of  the 
class  occurred  during  the  -lura-Trias,  after  Avhich  Reptiles  steadily  declined. 

Taxonomij. — The  separation  betAveen  Rejitiles  and  Amphibians  Avas  first 
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effected  by  Blainville  in  1816,  and  ap|)roved  by  Meri'em  in  1820,  but  a satis- 
factory classification  was  impossible  until  after  the  researches  of  Owen, 
Huxley,  von  Meyer,  Marsh,  Cope,  Osborn,  Baur,  and  others  had  vastly 
increased  our  knowledge  of  fossil  forms.  Universal  agreement  does  not  by 
any  means  obtain  regarding  the  limitations  of  the  different  gronj)s,  l)ut  most 
modern  authorities  are  in  favour  of  recognising  nine  indej)endent  orders,  as 
follows  : — Bhi/iichocephaUa,  Squamafa,  Ichthijomuria,  Sauropfen/f/ia,  Therornorpha, 
Cheloniu,  Crorodilia,  Dinoscuiria,  and  Pferosauria.  Of  these  the  Permian 
Rhynchocephalians  inclnde  the  earliest  and  most  primitive  forms,  and  may 
be  regarded  in  a broad  sense  as  ancestral  to  all  Archosauria  (or  reptiles  with 
two  temporal  arches),  as  well  as  Ares. 


Order  1.  RHYNCHOCEPHALIA.^ 

Litcerfiform  reqdiles  wifli  amphiroelons  vertebrae,  sometimes  pierced  for  the  noto- 
chord. Upper  and  lower  temporal  arcades  well  defined.  Quadrate  fixed,  and 
buttressed  b/j  the  pterygoids,  which  extend  forward  to  the  vomer  ; premaxillae  paired. 
Mandibular  symphysis  usually  ligamentous;  teeth  acrodont.  Sternum  present; 
sacrum  composed  of  two,  or  in  the  Pelycosauria  of  three  vertebrae.  Limbs  ambu- 
latory, pentadactyle.  Dermal  armour  of  corneous  scales. 

The  existing  genus  Sphenodon  (llatteria)  of  New  Zealand  is  the  sole 
survivor  of  an  ancient  and  primitive  order  of  reptiles  which  attained  its 
maximum  specialisation  in  the  Trias,  and  whose  earliest  representatives 
{Froterosauria)  resemble  the  Microsaurian  Stegocepha.lia  in  noteworthy  respects. 
This  primitive  Permian  group  also  occupies  the  cleft  between  Squamata, 
Crocodilia,  and  IHn'osauria,  and  is  in  all  probability  ancestral  to  birds  through 
a primitive  Dinosaur-avian  stem. 

The  body  in  Rhynchocephalians  is  lizard-like,  long-tailed,  sometimes  scaly  ; 
the  vertebral  centra  are  amphicoehms  or  amphijrlatyan,  with  persistent  noto- 
chord, and  often  with  small  iutercentra  (hypocentra).  The  neural  arches  are 
well  ossified,  and  zygapophyses  and  dia^rophyses  usually  cons])icuous.  AVith 
the  exception  of  the  anterior  cervicals  and  posterior  caudals,  all  the  vertebrae 
l)ear  strong  single-headed  ribs.  Several  or  numerous  longitudinal  series  of 
abdominal  ribs  occur  between  the  limb  girdles,  and  correspond  to  the  ventral 
armouring  of  Stegocephalians. 

The  skull  (Fig.  267)  is  remarkable  for  the  large  size  of  the  orbits  and 
temporal  vacuities.  There  are  always  two  temporal  arcades,  the  upper  one 
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being  formed  by  the  postorbitul  and  siiuamosal,  and  the  lower  arcade  by 
the  quadratojngal  and  jugal.  The  latter  bone  is  always  fixed,  and 


buttressed  by  the  pterygoids,  which  extend  forwards  to  the  vomer. 

cavit}'  is 


i'li:.  J:J7. 

Sjihenixlon  {Oinctatus,  Gray.  Ht*Cf*rit ; New  Zealand.  [.at<*ral,  palatal, 
posterior,  and  superior  aspects  of  skull.  (.1,  Urlut;  ear/,  Auj^ular  ; ort. 

Articular;  ho,  Hasioccijiital  ; rh.  Internal  najvs ; il,  Dentary  ; cjto,  Exoccipital  ; 
r,  Kmntal ; ju,  .Iii^^al  ; Suran^ular  ; m.r,  .Maxilla  ; A',  External  narial  ojienin^  ; 
iia,  Nasal;  ojtn,  ( )pistl)otic  ; /xt,  Parietal;  j>f.  Palatine;  jtmx,  Preinaxilla  ; por. 
I’ostorliital  ; j/rf,  I’refnmtai  ; j>t.  Ptery-ioid  ; ]>tf,  Postfrontal;  (/u,  (^innlrate; 
•juJ,  C^uadrato-.jn;;al  ; N,  Suprateniporal  vacuity;  .v«>  JSujiraoceijiital  ; s//, 
Stjiuiinosal  ; re,  Vonu'r.) 


The  brain 
of  small 
size,  and  roofed  by 
the  narrow  ])arietals, 
between  which  and 
the  pterygoids  is  a 
vertical  columella 
(epipterygoid).  A 
jiarietal  foramen  is 
general]}^  jiresent. 
The  paired  external 
nares  are  almost 
terminal  in  ])osition. 
Vomer,  j)alatines,and 
])terygoids  together 
form  an  extensive 
bony  palate.  Acro- 
dont  teeth  occur  in 
regular  series  on  the 
narrow  premaxillae, 
maxillae,  and  man- 
ilibles,  and  in  some 
cases  the  vomer  and 
]>alatines  are  also 
dentigerous.  Occa- 
sionally the  teeth  are 
inserted  in  shallow 
alveoli,  and  very 
rarely  are  absent 
altogether. 


an 


The  pectoral  arch 
incompletely 
elongated  rectangular  bone. 


the  scapula  with  a large 


cartilaginous 


ossified.  The  scapula  is  represented  by 

and  the  inner  border  of  the  small  elliptical  coracoids  remains  cartilaginous. 
The  clavicle  is  a slender  bent  rod  conne 
rhomboidal  oi'  T-shaped  interclavicle,  which  overlies  the 
sternum.  The  distal  end  of  the  humerus  is  jherced  in  the  fossil  forms  by 
an  entepicondylar  foramen,  but  in  Sphenodou  both  entepicondylar  and 
ecte])icondylar  foramina  or  grooves  occur.  In  general  the  articulai'  surfaces 
of  the  humerus,  radius,  and  ulna  are  not  comjiletely^  ossified.  Five  distinct 
elements  occur  in  the  diStal  row  of  the  carpus,  and  two  centralia  are  often 
present.  The  extremities  are  pentadactylate. 

The  iiehic  arch  consists  of  a small,  nearlj’  vertical  ilium,  a discoidal  pubis 
with  oV)turator  notch,  and  a somewhat  expanded  ischium,  which  remains 
separated  from  the  ])ubis.  l!oth  jiubis  and  ischium  are  imperfectly  ossified 
among  the  earlier  forms.  The  hinder  is  .somewhat  longer  than  the  fore-limb, 
and  resembles  that  of  Lacertilians  and  Theromorphs. 
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Sub-Order  1.  PEOTEROSAURIA.  Seeley.  {Froganosauria,  Baur.) 

Abdominal  ribs  small,  arranged  in  several  longitiidinal  series.  Pubis  and  ischium 
imperfecfli/  fused.  Fifth  metatarsal  not  disswiilar  from,  die  rest,  hlarginal  teeth  in 
a single  uniform  series. 

The  sub-order  is  of  interest  as  comprising  some  of  the  most  primitiv'e  and 
most  ancient  reptiles  known  to  scietice.  They  are  regarded  by  many  authors 
as  ancestral  not  only  to  the  Sphenodon  grou]),  but  to  all  Archosauria,  or  reptiles 
with  two  cranial  arches.  There  is  much  reason  to  suppose  that  from  these 
forms  also  a Dinosaur-avian  stem  was  evolved  in  the  Permian,  from  which 
birds  have  come  down  to  us. 


Family  1 . Proterosauridae. 

Maxillae,  premaxillae,  and  mandibles  with  a series  of  large  conked  teeth,  either 
acrodont  or  implanted  in  shallow  alveoli,  and  smaller  teeth,  present  on  the  pedatines 
and  vomer.  Interclavicle  elongate,  with  a rhombic  expansion  at  its  anterior  end. 
Permian  and  Trias. 

Palaeohatteria,  Credner  (Fig.  238).  Body  lizard-like,  about  25  cm.  long. 
Vertebral  centra  in  the  form  of  delicate  constricted  amphicoelons  cylinders, 


A 


11 


Pmx 


Fig.  -238. 

Falacuhattcria  longicaudata,  Cmliier.  Lower  Permian; 
Saxony.  A,  Skull,  somewhat  distorted,  ^/i.  B,  Pectoral 
arch.  C,  Pelvic  arch.  D,  Dorsal  vertebra ; E,  Caudal 
vertebra,  anterior  aspect,  (a,  Acetabulum  ; d.  Clavicle  ; 
cor,  Coracoid;  t]  Femur;  /?,  Humerus;  ic,  Intercentrum; 
id,  Interclavicie ; il.  Ilium;  jn,  Jugal;  /a,  Lachrymal; 
V,  Pedicle  of  neural  arch  ; na,  Nasal ; o,  Obturator  notch  ; 
'pmx.  Premaxilla;  por,  Postorbital;  prf,  Prefrontal;  pn, 
Pubis;  quj,  Squamosal  and  quadrate;  vo,  Vomer  (dis- 
placed); Zyapophysis.  Orbit  overlaid  by  displaced 
facial  bones  of  the  riglit  side),  (after  Credner). 


with  persistent  notochord  ; small  intercentra  occur  between  all  in  advance  of 
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al)Out  the  sixth  caudal,  and  siiigledieaded  ribs  borne  l)y  all  the  vertebrae  as 
far  as  the  seventh  caudal.  Abdominal  ribs  represented  by  numerous  small 
oat-shaped  scutes.  I’remaxillae  small,  vith  three  or  four  recurved  teeth. 
Inferior  border  of  orbit  formed  by  jugal  alone.  Digits  clawed.  Habits 
probably  acpuitic,  as  indicated  by  the  comparatively  unossihed  extremities  of 
limb  bones.  Lower  rermian  (Kothliegendes) ; Niederhiisslich,  near  Bonn. 

Kudaliosunnis,  Credner.  A land  form  accom])anying  the  preceding;  limb 
Ijones  completely  o.ssified  ])roximally  and  distally,  with  s])ongy  interior. 
Extremities  much  longer  than  in  rulaeuhafteria  ; humerus  and  femur  of  etpial 
length,  but  metacarpals  shorter  than  metatarsals. 

rroterosanrus,  v.  Meyer.  Attaining  a length  of  Lb  m.  Vertebral  centra 
completely  ossified,  and  uidted  with  their  neural  arches  by  suture.  Inter- 
centra occur  only  between  the  cervical  vertebrae,  which  are  elongate,  and  bear 
slender  libs.  Sknll  ta])ering  anteriorl\%  its  structure  not  clearly  shown. 
Hind  limb  considerably  longer  than  the  fore,  and  distal  tarsals  less  than  five 
in  number.  Upper  Permian  (Kupferschiefer)  of  Thuringia  and  Hesse,  and 
Magnesian  Limestone  of  Durham,  England.  P.  speueri,  v.  Meyer  ; /'.  liiirki, 
Seeley. 

ylphelosu  iinis,  Gervais  ; llapfodns,  Gaudry.  Lower  I’erniian  ; Autun  and 
Lodeve,  France.  Tclerpeton,  Mantell.  Supposed  Trias  of  Elgin,  Scotland. 

Sub-Order  2,  PELYCOSAURIA.  Cope.' 

.Inferior  feetli  enhmjed,  inrixor-  and  canine -like,  the  remainder  conical  and 
viola rifonn, ; none  of  the  teeth  with,  lateral  cusjm,  hut  sometimes  serrated,  yeural 
spines  enorinoiisli/  dereloped  in  some  ijenera.  Sacrum  of  three  vertehrae.  Limhs 
ceri/  short  and  iitronr/. 


I'amily  1.  Clepsydropidae.  Co])e. 

Sknll  lomi  and  narrow,  frnncaled  jiosterinrhi.  E.rlernal  nares  separated,  terminal, 
openimj  direcflfi  inlo  the  month.  Orhits  lanje,  round,  placed  hehind  the  middle  of  the 
sknll : sn  pratemporal  racnitij  small.  Quad  rale  small,  nearh/  enclosed  hij  snrronndiiuj 

hones.  .Interior  incisors  and  canines  of  upper  jaw  much  larger  than  other  teeth. 
ISninerons  small  conical  tedh,  preseni  on  jnilafines,  pterygoids,  and  romer.  Proximal 
tarsals  Iwo  in  number.  Permian. 

nepsyd rops.  Cope.  Neural  spines  of  the  lumbar  and  sacral  regions  greatly 

elevated.  Intercentra  present  between  the  dorsal  and  caudal  vertebrae; 
anterior  ribs  double-headed,  posterior  single  headed.  Teeth  large,  with  sharj) 
cutting  edges.  Permian;  Texas,  Illinois,  and  Kansas. 

Dimetrodon,  Co]>c.  Larger  than  the  preceding,  skull  upwards  of  O‘o  m. 
long,  and  with  similar  dentition.  Intercentra  present  between  the  dorsals; 
all  the  ribs  double  headed  from  the  axis  on.  Neural  spines  rising  from  the 
axis  until  in  the  dorsal  region  they  are  many  times  longer  than  the  diameters 
of  the  centra.  Permian  ; Texas. 

' Literature  : 

Ilane.  li..  ami  Case,  E.  V.,  On  tlie  morphology  of  the  .skull  of  the  Pelyeosauria  and  the  origin  of 
the  ^lamniahs  (.Vnat.  Anz.  vol.  XIII.  p.  109),  1897. — The  hi.story  of  the  Pelyeosauria,  with  a 
descrijition  of  the  genn.s  Dimetrodon  (Trans.  Amer.  Phil.  Soc.  vol.  XX.  pt.  1),  1899. — Ca.se,  E.  C., 
The  Vertebrates  from  the  Permian  Ponebed  of  Illinois  (Journ.  Oeol.  vol.  VIII.  j>.  698).  1900. 
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Naosa-urus,  Cope  (Fig.  239).  Differs 
spines  bear  transverse  processes.  Per- 
mian ; Texas  and  Bohemia. 

Emholopliorus,  Theropleura,  Archaeo- 
bolus,  Ljjtnrophus,  Co^oe.  Permian  ; 
Texas.  Stereorachis,  Gaudry  ; Calli- 
hrachion,  Bonle  and  Glengeaud.  Per- 
mian ; Autun,  France.  Known  by  im- 
perfect remains  apparently  allied  to 
Dimef  rodon. 

Sub-Order  3. 

EHYNCHOCEPHALIA  VERA. 

Abdominal  ribs  reduced  to  three  relufiveh) 
large  longitudinal  series  ; pubis  and  ischium 
vjell  ossified;  fifth  metatarsal  very  much, 
shortened,  and  somewhat  expanded.  Mar- 
ginal teeth  in,  one  or  more  uniform  series. 


from  the  last  in  that  the  neural 


Fin.  241. 

Hyperoilapedon  gnrdoni,  Huxley.  Upper  Trias; 

Scotlaml.  A,  Superior  aspect  of  skull,  Vj- 
B,  Palate.  C,  Mandibular  sympliysis  from  below. 
a,  Orbit;  md.  Mandibular  fork;  mx,  Maxilla;  ??, 
Nasal;  p!,  Palatine;  pmx\  Preniaxilla ; s,  Snpta- 
teniporal  vacuity;  3',  Lateral  teniiKual  vacuitv) 
(after  Huxley). 


Fig.  239. 

No.omurus  claviger.  Cope.  Peiniian  ; Texas. 
Dorsal  vnitebrae,  anterior  and  lateral  aspects, 
(after  Cope). 


Family  1.  Rhynchosauridae. 

Skull  short  and  broad,  with  a beak-like 
rostrum  formed  by  the  downwardly  curved, 
slender,  toothless  premaxillae.  Mandibles 
with  a single,  and  maxillae  and  palatines 
with  several  longitudinal  series  of  depressed 
conical  teeth.  External  nares  confluent. 
Trias. 


Hyperodapedon,  Huxley  (Fig.  240).  Body  stout,  upwards  of 


2 m.  long. 
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Mandibular  rami  fused  in  a long  symphysis,  which  is  slightly  forked  at  its 
toothless  anterior  end ; posteriorly  with  a single  series  of  obtuse  teeth. 
Parietal  foramen  and  intercentra  apparently  wanting.  Cervical  vertebrae 
opisthocoelous  ; limbs  imjierfectly  known.  Supposed  Trias  of  Elgin,  Scotland, 
and  Central  India. 

llhi/tichosaiirm,  Huxley.  Smaller  and  with  fewer  teeth  than  the  jn’eceding  ; 
mandible  toothless  or  with  minute  teeth,  -maxillae  with  a single  row,  and 
jialatines  with  a double  row  of  small  teeth.  Vertebrae  amphicoelous  ; ab- 
dominal iil)s  well  developed.  Up])cr  Trias;  Shropshire  and  AVarwickshire. 

Family  '2.  IMesosauridae.* 

Small  liurrtij'una  I'eptilia,  with  reri/  nitiiicrous,  cxfretiieli/  loin/  and  acicidar 
teeth  in  the  njiper  and  lower  jaws.  J'ertebral  centra  amjihicoeloiis,  with  remnants  of 
the  notochord.  Cervical  rertehrue  with  short  hatchet -shaped  rihs.  JJorscd  ribs 
sinf/Je-headed,  renj  thick.  Ventral  ribs  well  developed.  Tavsns  with  two  rows  of 
small  bones.  Extremities  with  Jive  toes. 

.Mesosa a ras,  Cervais  (Vitrorho.sanras,  Ciirich).  Karoo  formation  of  South 
.Africa. 

Stereosternnrn,  Co])e,  from  the  Permian  or  Lowei'  Trias  of  Ilrazil  is  ])o.ssibly 
idetitical  with,  in  any  case  very  similar  to  Mesosanrus. 

Family  3.  Champsosauridae. 

Skidl  with  eloni/ated  i/avial-like  snont.  ./  sini/le  series  of  targe  conical  teeth, 
present  on  the  jaiv-honvs  and  /lalatines,  and  irregnlar  longitudinal  series  of  minute 
teeth  on  the  nrmers,  /lalatines,  and  pteri/goids.  External  nares  terminal  and  continent. 
Mandibular  rami  suturalti/  united  at  the  si/mpln/sis.  Onh/  two  intercentra  present  at 
anterior  end  of  the  neck.  J'ertebral  centra  romgileteh/  ossified,  slightl//  biconcare,  or 
amphiplatgau,  and  suturalh/  united  with  their  neural  arches.  Cretaceous  and 
Lower  Eocene. 

Champso.saurus,  Cope  (Simaedosaurus,  Cervais).  Lai'ge  a([uatic  rejitiles 
attaining  a length  of  2'5  m.  Preniaxillae  elongated  into  a gavial-like  rostrum  ; 
cervical  ribs  shoi  t and  doubledieaded  ; abdominal  ribs  stout.  Humerus  with 
ectepicondylar  groove  instead  of  foramen.  Known  by  fragmentary  remains 
from  the  Laramie  Cretaceous,  ami  Lower  Eocene  of  the  United  States,  and  by 
com])lete  skeletons  from  the  Lower  Eocene  of  France  and  Pelgium. 

Family  4.  Sauranodontidae. 

Small  long-lailed  Jthi/nchocephalia  with  edentulous  jaws  ami  heak-like  rostrum. 
Tcm/ioral  fossae  small,  parietal  foramen  wanting,  /mstorbital  verg  large,  rxternal  nares 
undirided.  J'ertebrae  well  os.^ified ; second  sacral  rib  dl.stall//  divided;  abdominal 
ribs  stout.  Eore-limb  shorter  than  the  hind,  both  /lentadacf i/late.  Dermal  scales 

rectangular.  U]>per  Jura. 

Sauranodon,  Jourdan.  This,  the  solitary  genu.s,  is  known  by  perfect 
skeletons  from  the  Up]>er  Jura  of  Cerin,  France.  S.  incisims,  Jourdan,  attains 
a length  of  about  0 7 m. 

' (Icinilz,  11.  I)..  Sur  Stfreostermim  tumiiluin.  ('o]ie  (.tiiii.  Soc.  Geol.  Itelg.  vol.  XXV.  his  j).  3.5), 
lOOii.  Wnoil  ire  I'll,  .1.  On  a new  specimen  of  Stereosternnin  ((ieol.  Mag.  [4],  vol.  IV.  p.  145), 
1897. 
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Family  5.  Sphenodontidae. 

Vertebrae  ainphicodous,  sometimes  loith  persistent  noto- 
chord; iiitercentra  present  in  cervical  and  caudal  regions. 
Premaxillae  each  with  a small  pointed  tooth.  A single 
series  of  depressed,  triangular,  acrodont  teeth  present  on 
maxillae,  mandibles,  and  outer  edge  of  the  palatines  ; vomer 
toothless.  External  nares  separated  ; interdavide  T-shaped; 
dermal  scales  subredangular.  Upper  Jura  to  Recent. 

Homaeosaurus,  v.  Meyer  {Sapheosaurus,  v.  Meyer), 
(Fig.  241).  Attaining  a length  of  between  20  and  40 
cm.,  and  ditfering  from  the  recent  Sphenodon  in  that 
intercentra  are  absent  between  the  dorsal  vertebrae, 
ribs  without  uncinate  processes,  and  humerus  not 
pierced  by  entepicondylar  foramen.  Mandilmlar  rami 
united  at  the  symphysis  by  ligaments  ; second  sacral 
rib  bifid  distally.  Upper  Jura  (Lithographic  Stone) ; 
Bavaria,  and  Cerin,  France.  Kimmeridgian  of  Hanover, 
and  Purbeckian  of  England.  H.  maximiliani,  v.  Meyer. 

Ardeosanrus,  Acrosaurus,  v.  Meyer  ; Euposaurus, 
Jourdan.  Upper  Jura  (Lithographic  Stone) ; Bavaria, 
and  Cerin,  France. 

Pleurosaurus,  v.  Meyer  (Angiusaurus,  Miinst.  ; Sauro- 
phidium,  Jourdan).  Body  serpentiform,  upwards  of 
U5  m.  long,  the  tail  forming  one-third  the  total  length. 
Snout  tapering  in  front.  Presacral  vertebrae  with 
stout  single-headed  ribs  ; abdominal  ribs  well  developed. 
Fore-limbs  shorter  than  the  hinder  pair.  Upper  Jura 


(Lithographic  Stone);  Bavaria,  and  Cerin,  France. 
muensteri,  Wagner. 

Sphenodon,  Gray  {Hatteria,  Gray).  Inferior 
border  of  the  large  orbits  formed  by  maxilla ; 
external  nares  divided  ; a single  tooth  on  either 
side  of  the  premaxillary  beak  ; intercentra  present 
between  all  the  vertebrae,  humerus  with  both  entepicondylar  and  ectepicondylar 
foramina  or  grooves.  Recent, 


Fig.  ‘241. 

Hoiaaeosa  u r us  pit  Ich  ell  us 
Zittel.  Upper  Jura:  Kel- 
heim,  Bavaria.  Ventral 
aspect,  V‘2- 


inhabiting  certain  islands  off  New  Zealand. 


VERTICAL  RANGE  OF  THE  RHYNCHOCEPHALIA. 


Divisions. 

Permian. 

Trias. 

Jura. 

Cretaceous. 

Eocene. 

o 

c 

Recent. 

I.  PnOTERO.SAUniA  .... 
II.  Pelyco.sauiii.\  .... 
III.  Rhyxchocei'U.vm.v  Yei:.a,. 

1.  Bhynchosauridac  . . . 

2.  Mesosauridae  .... 
-'I.  Cliampsosauridae  . 

4.  Sauranodoiitidac 

5.  Sphcuudontidac 

— 

? 

— 
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Order  2.  SQUAMATA.  (Lepidosauria,  Streptostylica.)  ^ 

lUidii  elongafe,  cocercd  icith-  curiieons,  or  more  rureh/  ivith  dermal  scales  or  scutes. 
Quadrate  rnovahlji  attached  to  the  skull ; the  lower  temporal  arcade  uhca/fs,  and  upper 
temporal  arcade  frequentli/  tcaiding.  Palatal  rarnities  large,  ptenjrjoids  not  in  contact 
tvith  vomer  ; external  nares  separated  ; teeth  arrodont  or  pleurodont.  T'ertehrae  well 
ossified,  usualli/  prococlous,  rarcl//  amjdiicoelous  ; sacral  vertehrae  not  more  tJmn  two  in 
numher.  Post-cervical  iiderceidr'a  and  abdominal  rihs  wanting ; dorsal  rihs  single- 
headed. Limhs  adapted  for  andmlation  or  natation,  absent  onlg  among  Ophidia  and 
a feic  Lace rt ilia. 

This  ordei'  comprises  Idzanls,  Stiakes,  and  two  extinct  groups  of  acpiatic 
reptiles, — Dolichosuuria  and  Pgthonomorjdia, — the  earliest  clearly  recognised 
members  of  which  occur  in  the  Cretaceous.  The  Sgiiamata  are  evidently  very 
closely  allied  to  lihynchocephalians,  atid  in  all  probability  their  origin  is  to  be 
traced  to  that  group. 


Suh-Order  1.  DOLICHOSAURIA. 

Smalt,  (Kpiatic,  serpenliform  reptiles,  with  well -developed  lizard-like  limbs  and  limb- 
girdles.  Jwrtebrae  pmcoelous,  ami  articidated  both.  In/  zi/gapophi/ses  and  zggosjdiene- 
zipganfrnin  arrangement.  Sacral  rerlebrae  not  anchi/losed.  Mandibles  with  sutural 
sgm/ilufsis.  Teeth  pleurodont. 

The  family  iJotichosauridae  comprises  a few  genera  from  the  English  Chalk 
ami  the  Upper  Cretaceous  of  Istria  and  Dalmatia,  the  largest  of  which  attain 
a length  of  between  two  and  three  metres.  Dolirhosuurus,  Owen,  has  no  less 
than  seventeen  cervical  vertebrae  and  large  hollow  ribs.  Arteosaurus,  .Idrio- 
saurus,  Ahfndosaurus,  Carsosaurus,  Ponlosaurus,  and  Mesolejdos  ai'e  allied  Istrian 
gener.i.  Most  of  the  detached  vertebrae  of  Cretaceous  age,  commonly  classed 
as  Ophidian,  are  doiditless  Dolichosaurian.  Like  the  Pythonomorphs,  these 
forms  proliablv  ])assed  away  without  leaving  any  post-Cretaceous  descendants. 

Sub-Order  2.  PYTHONOMORPHA.  Cope.2 

Large  marine  reptiles  with  elongate  bodg  and  two  pairs  of  jiaddle-shaped  appen- 
dages. Sknll  lizard-like,  elongate,  depressed  ,■  superior  temporal  arcade  and  pine<d 

’ (Jiij"’-  ti.  I)..  ( 'roc  odile.s,  Lizards,  and  Snakes  of  Nortli  America  (Ann.  Kept.  Smithsonian  Inst., 
1808),  1000. 

- Literature; 

I]inn\  <r,  Mor|dinlogy  of  the  skull  of  the  Mosasauridae  (.Tourn.  Morphol.  vol.  XII.,  No.  1),  1892. 

(Jiijie,  K.  ]).,  Tlie  llejitilian  orders  of  I’ythononior|)ha  and  Strepto.sauria  (Proc.  Boston  Soe.  Nat. 

Hist.  vol.  NIL  ]i.  2.10),  180!t — Tlie  Vertebrata  of  the  Cretaceous  Formations  of  the  West  (Kept. 
I'.S.  (leol.  Snrv.  'I’errit.  vol.  II.),  1875. — Professor  Owen  on  Pythonomorjiha  (Bull.  LLB.  Geol.  Surv. 
Territ.  vol.  IV.  p.  200),  1878. — Onricr,  <!.,  Snr  le  grainl  animal  fossil  de  la  craie  de  Maestricht 
(Ann.  Mus.  d'llist.  Nat.  vol.  NIL),  1808. — /><///«.  L.,  Note  snr  I’osteologie  des  Mo.sasauridae  (Bull. 
Mu.s.  Uoy.  d’llist.  Nat.  Belg.  vol.  I. ),  1882. — 1hi,l . vol.  IV.,  1885. — Nouvelle  Note,  etc.  (Bull.  Soc. 
Belg.  de'Oeol.  Pal.  et  Hydrol.  vols.  III. -VII.),  1880-01. — (Jihhes,  H.  IF.,  A Memoir  on  Mosasaurus, 
etc.'’(Sndthson.  Contr.  Knowl.  vol.  II.),  18(14. — (loUIfnxs,  A.,  Her  Kehadelbau  de.s  Mo.sasauru.s  (Nova 
Acta  Aead.  C'aes.  Leop.  Car.  nat.  cur.  vol.  XXL),  1843.  — Arn/y,  A,  Cretaceous  Reptiles  of  the 
Cniteil  States  (Smith.son.  Contrih.  Knowl.).  1864. — E.xtinct  Vertebrate  Fauna  of  the  Western  Terri- 
tories (Kept.  U.S.  fleol.  Surv.  Territ.  vol.  L),  1873.— d/«r.s7i,  O.  C.,  Clnaracters  of  IMosasauroid 
Reptiles  (Amer.  Journ.  Sci.  [3],  vol.  L),  1871. — Ihnl.  vol.  III.  (1872)  ; and  XIX.  (1880).  AltTcuem, 
.T.  (J.,  Die  Pythonomorpha  der  Kans.as  Kreide  (Pal aeon togi'.  vol.  XLL),  1804. — Oshorn,  11.  F.,  A 
complete  Mosasaur  Skeleton  (Mem.  .Amer.  Mu.s.  Nat.  Hist.  vol.  I.  ]>t.  4),  1800.  Owen,  H.,  On  the 


ORDER  II 


SQUAMATA 


153 


furamen  present ; premaxillue  and  nasals  fused  infu  a simjile  rostrum  ; quadrate 
large,  pierforate,  and  movahhj  attached  to  squamosal  and  prosquamosul ; parietal  un- 
paired and  joined  to  the  supraoccipiitals  and  prootics  hg  decnrved  lateral  p>rocesses. 
Mandibular  rami  united  at  the  si/mphgsis  by  ligametd,  and  with  a movable  articulation 
behind  the  middle  of  each  ramus.  Teeth  large  and  cot  deal,  fixed  by  tumid  bases  in 
shallow  alveoli  of  the  jaw-bones  and  pterygoids.  Sclerotic  ring  qiresent.  J'ertebrae 
procoelous,  cerviccds  with  hypapop>h,yses.  Sacrum  wanting;  sternum  probcdily  never 
ossijied  ; interclavicle  (episternum)  sometimes  present,  but  no  clavicular  arch.  Limb- 
bones  short,  but  the  digits  are  lengthened  by  an  increased  number  of  phakuiges,  the 
ungual  ones  clawless. 

The  vertebral  column  comprises  115-130  or  perhaps  more  procoelous 
vertebrae,  and  is  sometimes  divisible  into  cervical,  dorsal,  lumbar,  and  caudal 
regions.  The  distinction  between  dorsal  and  lumbar  series  is  not  very  decided, 
however,  except  that  the  latter  bear  shorter  rilis.  The  transverse  processes 
are  short  and  thick  in  the  pi'ecaudal  vertebrae  for  the  attachment  of  single- 
headed ribs;  in  the  caudals  they  are  battened  and  elongated  but  not  costiferous, 
and  become  obsolete  at  about  the  middle  of  the  tail.  The  neural  arches  are 
always,  even  in  young  individuals,  thoroughly  coossified  with  their  centra  ; the 
neural  spines  are  of  moderate  length,  but  sometimes  notably  elongated  in  the 
posterior  region  of  the  tail.  The  zygajiophyses  are  strong  in  the  cervical  and 
anterior  thoracic  region,  but  become  weaker  and  finally  disappear  in  the  tail. 
Y-shaped  haemapophyses  or  chevron  bones  are  iiresent  in  all  the  caudals  with 
the  exception  of  the  first  five  or  more,  to  which  the  name  “ pygals  ” has  been 
given ; each  chevron  articulates 
only  with  its  own  centrum.  The 
atlas  is  composed  of  a wedge- 
shaped  intercentrum  below,  and 
two  lateral  pieces  or  nenropo- 
physes,  as  in  lizards,  its  centrum 
being  represented  by  the  odontoid 
process  of  the  axis.  A wedge- 
shaped  intercentrum  occurs  be- 
tween the  atlantal  intercentrum 
and  the  axis.  The  axis  and  five 
following  cervicals  bear  each  a 
more  or  less  stout  exogenous 
hypapophysial  process,  to  the  ex- 
tremity of  which  is  attached  a 
small,  free  epiphysis,  correspond- 
ing morphologically  to  an  inter- 
centrum (Fig.  242).  This  is 
wanting  in  the  last  cervical,  and 
the  process  itself  is  rudimentary. 

The  skuU  (Figs.  243,  244) 
resembles  that  of  Varanus  more 
nearly  than  that  of  other  living 

rank  and  affinities  of  tlie  Mosasauridae  (Quar.  dourii.  Ueol.  Soc.  vol.  XXXIII.  p.  682),  1877. — Ibid. 
vol.  XXXIV.  (1878),  p.  748. — WilUston,  S.  U’.,  On  Mosasaurs,  etc.  (Kansas  Univ.  Quar.  vol.  ii.  p. 
83),  1893. — Ibid.  vol.  III.  (189.5),  p.  165. — University  Geol.  Surv.  Kansas,  vol.  IV.  Topeka,  1898. 
— llV/dsfoif,  ,8.  ir..  and  Case,  E.  C.,  Kansas  Mosasaurs  (Kansas  Univ.  Quar.  vol.  I.  p.  1),  1892. 


A li 


Fig.  242. 


CHUixstes  sfetxops.  Cope.  Upper  Cretaceous  ; Kansas.  An- 
terior cervical  vertebrae.  A.  From  tlie  side.  Ii,  From  in 
front,  1/.,.  (c,  Centrum  ; d,  I'ransverse  j)rocess  ; h,  Hyt>apo- 
piiysial  epiphysi.s  or  intercentnnn  ; hji,  Hypapopliysis  ; pr;, 
I’rezygapophysis  ; sp.  Neural  spine),  (after  Cope). 

reptiles.  The  parietals,  frontals,  and  pre- 
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muxillae  are  all  unpaired,  as  are  also  the  nasals,  which  are  fused  with  the 


preniaxillae. 


Pmx 


The  supratemporal  vacuity  is  bounded  externally  by  the 
prosquamosal  and  2)ostorbital,  which  form  a 
narrow  arcade.  The  squamosal  is  intercalated 
between  the  exocciptal  ( = j)arocciptal,  Baur) 
and  the  prosquamosal,  and  sends  a slender 
process  inwards  between  the  exoccipital  and 
probtic,  extending  neaily  as  far  as  the  brain 
cavit}n  The  suture  between  the  postorbital 
and  postfrontal  is  often  obliterated.  Super- 
ciliary plates  have  not  been  observed,  and  are 
often  functionally  I’eplaced  by  the  horizontally 
exj)anded  prefrontals.  The  jugal  unites  with  a 
descending  process  of  the  j^ostfrontal,  and  these 
two  bones  together  with  the  ]>refrontal  com- 
pletely enchjse  the  oi'bit.  There  is  a complete 


rl  iihi<<trs  , Copf,  I'lipcl' 

( 'i  ftaccous  ; Kansas,  Palatal  as)icct 
oT  skulMi>arlly  ivstored.  {hn,  Hasi- 
occipital  ; ///».  Maxilla;  I’alatitn*  ; 
/mix,  Pri'inaxilla  ; jit,  Ptpry;;oiil  ; jif/\ 
I’')storl>il<)  • tVontal  ; opo,  Supratfin- 
por'al  ; ipij.  Si |uaim isal  ; Hasi- 

splifJini'l  ; 


•■oriijihdxiiit^  Cop<‘.  Upi>»*r  Cretacenus;  Kansas.  l*os- 
tei  i<»r  asprct  of  skull.  V4*  Hasioccipital ; m,  Kxocci])iUfl  ; ji, 

Paj-ippM  ; I’njfitic  ; />jn,  PosUirbito-IVonlal  : pt.  Ptfryjioid ; 7, 

(^ua«lrat»*;  ><>.  Stijtranccipilal  ; s</,  S(juaiin>.sal  : >T,  Stapes),  (alter 
Williston.) 


parietal  aich  formed  by  a slender  process  of  the  parietal  uniting  with  a 
[irocess  of  the  s(juamosal. 

The  (piadrate  (Figs,  lido,  246)  is  relatively  large,  and  movably  articulated 
with  the  s(piainosal  and  prosquamosal.  Its  antero-su])erior  margin  is  dilated 
into  a broad  thin  jilate,  and  its  i)osterior  mai'gin  is  notched  or  perforated  for 
the  auditory  meatus,  'i'his  opening  is  eithei'  |)artially  or  conqiletely  enclosed 
postei'iorly  by  the  stout  supiastapedial  j)rocess,  which  is  especially  character- 
istic of  the  Mosasaur  quadrate.  On  the  concave  inner  side  of  the  (piadrate, 
near  the  upper  part  of  the  meatal  notch,  is  a small  ])it  for  the  lodgment  of  the 
outer  end  of  the  stajies.  The  (]uadi’ate  exhilhts  wide  variation  in  form  and 
size  amongst  the  ditl'erent  genera. 

The  transverse  bone,  or  ectfqiterygoid,  is  always  small,  and  joins  the 
pterygoid  and  jugal  oidy.  A slender  colnniella,  or  e])i])terygoid,  is  ])resent  in 
all  cases,  d’he  mandilndai'  rami  were  united  at  the  synqdiysis  by  ligaments. 
Somewhat  back  of  the  middle  of  each  ramu.s,  between  the  angular  and  spleinal, 
and  the  dentary  and  suiangular,  there  is  a movable  articulation  permitting  of 
a wide  distension  of  the  jaws. 
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A single  series  of  large  conical  teeth  occurs  in  both  upper  and  lower  jaws, 
those  of  the  pterygoid  being  inferior  to  the  rest  in  size.  The  crown  often 
exhibits  slight  anterior  and  posterior  carinae,  and  may  be  bevelled  into  several 
longitudinal  facettes  ; and  the  enamelled  surface  may  he  either  smooth  or 


Kig.  240. 


I-'IG. 


245. 


Musasaurus  camjujri,  v.  .4,  Outer;  and  1),  Inner 

aspect,  1/4-  !Su]>rastai>edial  process ; k,  Stapedial  pit ; 

I,  Meatus  ; m,  Superior  margin  ; a,  Inferior  margin),  (after 
Owen.) 


didastcs  Cope. 

Quadrate,  inner  aspect,  -/s. 
(Lettering  as  in  Kig.  245), 
(after  Cope). 


delicately  striated.  All  the  teeth  are  hxed  by  tumid  osseous  bases  in  shallow 
pits  of  the  supporting  bone.  Successional  teeth  arise  alongside  the  functional 
ones,  and  gradually  displace  them  by  pressure  against  the  crown  on  the  inner 
side. 

The  pectoral  arch,  (Fig.  247)  exhibits  a rather  'large  and  flattened  coracoid, 
the  articular  border  of  which  is  thickened  and  divided  into  two  facettes 


Clidastes  velox,  Marsli.  Pectoral  arcli,  dorsal  aspect,  V.'.-  Cb  Coracoid  ; li,  Humerus  ; me,  jMetacarpus  ; 
r,  Radius  ; sc,  Scapula  ; n,  Ulna  ; I-V,  Digits),  (after  Marsh). 

meeting  at  an  obtuse  angle,  while  the  thin  inner  edge  is  rounded,  and  often 
incised  by  a deep  notch  or  emargination.  There  is  a small  coracoid  foramen 
situated  toward  the  articular  border.  Posteriorly  the  coracoids  meet  the 
sternum,  which  was  probably  never  ossified,  but  composed  of  calcified  cartilage, 
quite  like  the  sternal  ribs.  The  coracoids  are  separated  from  each  other  by  a 
broad  epicoracoidal  expanse  of  cartilage.  The  scapula  is  ])laced  as  in  Rhyn- 
chocephalians  ; a slender  interclavicle  (episternum)  is  present,  but  clavicles  are 
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wanting.  The  humerus  is  short  and  stout,  its  articular  ends  expanded,  and 
the  distal  end  with  two  facettes  for  the  bones  of  the  second  segment.  Of  the 
latter  the  radius  is  clistally  expanded.  The  carpals  vary  in  number  from 
seven  (arranged  in  two  rows)  in  Clulastes  and  ^losusaurus,  to  one  or  two 
rudimentary  ossicles  in  T//Ioscninis.  There  are  five  metacarpals,  differing  in 
shajie  amongst  the  various  genera,  and  supporting  a variable  number  of 
])halanges ; these  last  being  comparatively  few  in  Cluhisies  and  Momsaurns, 
and  as  many  as  eleven  or  twelve  in  the  paddles  of  Tiilosaurits.  None  of  the 
digits  are  clawed. 

The  arch  (Fig.  248)  is  more  weakly  developed  than  the  pectoral. 

'I'he  ilium  is  a slender  rod-shaped  bone,  its  superior  end  free  or  looselv 
iittached  to  the  single  vertebra  which  functions  as  a sacrum.  The  pubes 
prol)ably  do  not  meet  in  a ventral  symphysis,  but  the  ischia  are  joined  along 


an  extensive  articular  surface.  The  bones  of  the  hind  liml)  resemble  those  of 
the  fore,  l)ut  aie  more  slender,  and  somewhat  smaller.  There  are  jirobably 
never  more  than  three  tarsals,  ;ind  sometimes  oidy  one.  Four  or  five  digits 
are  developed,  with  a variable  number  of  jihalanges.  As  a rule  the  jiosterioi' 
paddles  are  smaller  than  the  anterior  pair. 

d'he  liinl)s  of  rythonomoiphs  and  Cetaceans  furnish  an  excellent  illustra- 
tion of  the  infiuence  of  environment  in  producing  analogous  structures  among 
widely  divcigent  groups.  As  a result  of  their  coni])lete  ada})tation  for  an 
aquatic  existence,  M asasaurs  and  whales  have  <levelo])ed  a very  similar  form 
of  body.  Most  of  the  Pvthononiorphs  were  of  large  size,  and  enjoyed  a wide 
(listril)utiqn,  their  remains  Iteing  known  from  the  Upper  Cretaceous  of  Eurojic, 
North  and  South  America,  and  New  Zealand. 

The  Pythonomorphs  were  covered  externally  with  scales  very  similar  in 
size  and  structure  to  those  of  Varanui?.  These  scales  have  been  found 
impressed  upon  the  liones  of  the  skull,  indicating  the  absence  of  corneous 
plates.  There  were  no  dermal  ossifications  of  any  kind.  Small  or  medium- 
sized fishes  have  been  observed  in  the  fossilised  stomach  contents  in  several 
iu.stances. 

The  earliest  discovered  cranium,  found  in  the  Maestricht  Chalk  in  1780, 
was  mistaken  for  that  of  a Cetacean  or  Crocodilian  until  Cuvier  demonstrated 
its  remarkable  similarity  to  the  skull  of  J^urainis.  Owen  united  Mosasaurs 
with  lizards  under  the  designation  of  L'lcertilia  nntanlia.  The  name  Pi/thonc- 
morjihii  was  ])roi)osed  in  1869  by  Cope,  who  regarded  the  group  as  inter- 
mediate between  snakes  and  lizard^.  It  is  argued  by  Dollo  and  MTlliston, 
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however,  that  Pythonomorphs  could  not  have  been  ancestral  to  the  modern 
Squamata,  since  it  is  impossible  to  snpjiose  that  forms  which  became  so  highly 
specialised  and  completely  adapted  to  an  aquatic  existence,  should  have  ever 
again  reverted  to  a generalised  condition,  and  reassnmed  terrestrial  habits. 
Pythonomorphs  arose  undoubtedly  from  land  animals,  and  may  have  siming 
from  Dolichosanrian  ancestors ; but  they  appear  to  have  jiassed  completely 
out  of  existence  near  the  end  of  the  Cretaceous,  without  leaving  any  jirogeny. 
Their  extreme  diti'erentiation  is  attested  by  the  loss  of  a sacrum,  multiplica- 
tion of  phalanges,  degeneration  of  the  hind  paddles,  development  of  a man- 
dibular joint,  and  other  characters,  of  which  no  heritage  remains  amongst 
modern  Squamata. 

Family  1.  Mosasauridae. 

This  family,  with  the  characters  of  the  sub-order,  comprises  three  rather 
divergent  groups,  which  are  considered  of  sub-family  value.  Restricted  to  the 
Upper  Cretaceous. 


Sub-Family  A.  Tylosaurin.\e.  WillUton. 

Hind  limh  fundionally  pentadacf)jle.  Trunk  short,  tail  proportionatehj  long. 
Fremaxillae  produced  into  a long  rostrum  in  advance  of  the  teeth  ; quadrate  with 
short  suprastapedial  process.  Carpus  and  tarsus  almost  wholly  unossifed.  piludanges 
numerous.  Vertebrae  without,  or  with  very  rudimentary  zygosphenes. 

Tylosuurus,  Marsh  (Liodon,  Cope  ; Macrosaurus,  Owen  ; Bhinosaurus,  Marsh). 
Skull  0'7  to  over  1 m.  long.  Superior  surface  of  parietal  smooth  and  produced 
to  the  posterior  margin  in  the  median  line,  with  nearly  parallel  sides  ; foramen 
at  its  anterior  margin.  Postfrontal  and  prefrontal  meeting  on  the  suiierior 
border  of  the  orbit ; quadrate  stout,  with  very  short  suprastapedial  process  ; 
maxilla  with  about  thirteen  large  teeth.  One  or  two  carpal  and  tarsal  bones 
present,  not  articulating  with  adjacent  elements.  Coracoid  not  emarginate  ; 
limbs  about  equally  develo2)ed  ; jihalanges  numerous  ; fifth  digit  elongate. 
Haemajrojihyses  loosely  articulated;  no  zygosjihenes.  Xiobrara  Group; 
Kansas,  New  Mexico,  and  Texas.  T.  proriger,  T.  dyspelor,  Cojre. 

Hainosaurus,  Uollo.  Skull  upwards  of  I'o  m.  long.  Frontal  broad;  jjre- 
frontal  and  jjostfrontal  meeting  over  the  orbit ; teeth  of  unequal  size.  Carjials 
reduced  in  number ; jihalanges  fewer  than  in  Tylosuurus,  and  jiaddles  relatively 
larger.  Haemapojihyses  loosely  articulated  ; cervicals  with  small  zygos])henes. 
Uj^jier  Cretaceous  ; Belgium. 

Sub-Family  B.  Platecarpinae.  Williston. 

Hind  limb  functionally  pentadactyle.  Trunk  short,  tail  proportionately  long. 
Fremaxillae  short,  very  obtuse,  and  pirojecting  but  little  in  front  of  the  teeth.  Quadrate 
large,  with  a long  suprastapedial  process.  Carpus  and  tarsus  imperfectly  ossified. 
Vertebrae  with  rudimentary  {or  functional?)  zygosphenes.  Inter  clavicle  probably 
present  in  all  forms. 

Flatecarpus,  Cojie  {Lesfosaurus,  Marsh  ; ? Holcodus,  Gibbes),  (Figs.  248-250). 
Total  length  about  5 m.,  of  which  the  skull  forms  one-eighth.  Siqierior  sur- 
face of  parietal  small,  triangular,  not  reaching  beyond  the  middle  of  the  bone  ; 
large  oval  foramen  at  its  anterior  border.  External  nares  much  dilated 
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iuitei'ioi’ly.  Quadrate  large,  Avith  j)rominent  siipra- 
stapedial  ja-ocess  extending  below  the  middle  of  the 
bone ; 02)ening  fcjr  the  anditoiy  meatus  large,  not 
entirely  enclosed.  Teeth  slender  and  recurved, 
facetted  on  the  outer  side,  striate  on  the  inner- 
maxillae  with  about  twelve,  and  pterygoid  ten  to 
twelve  teeth.  Coracoid  deei)ly  emarginate  on  inner 
boidei.  hour  carj)als  and  three  tarsals  present, 
closely  articulating.  Fifth  digit  shorter  than  the 
fourth,  and  divergent.  Chevron  bones  large,  loosely 
ai  ticulated.  Abunclant  and  represented  by  numerous 


Ki(i.  2I9. 

I't(ilmii]nis  aii-iiiilini  tis,  Co])!'.  Ui)]ii!i-  Cri-taci'oiis ; Lo};aii  County, 
Kaus.is.  Skull,  supiu  ior  auil  lateral  aspects,  1/7  (after  Merriaiii).' 


S2>ecies  in  the  Upper  Cretaceous  of  Kansas,  Colorado, 
1 exas,  Noi  th  Dakota,  and  France. 

I/olosa liras,  Marsh.  Very  similar  to  the  }>receding, 
e.\ce])t  that  the  coracoids  are  not  emarginate  ; there 
are  no  zygosjihenes  in  the  only  known  sjtecimen. 
Kansas. 

J’liojihiferarpns,  Dollo  {Oleror/nxiihus,  Dollo).  Similar 
to  Plafflcarpiis,  but  with  smaller  chevron  bones.  Quad- 
rate with  large  meatal  opening.  Mandible  slender, 
coronoid  rudimentary.  Teeth  long  and  slender, 
facetted,  and  striate.  Danian  of  Maestricht,  and 
Ujtper  Senonian  of  Belgium. 

Priif/nafhosaiinis,  Dollo.  Skull  about  0'6  m.  long. 
Fterygoids  nearly  as  large  as  the  maxillae,  and  with 
very  powerful  teeth.  The  large  sujnastajiedial  process 
of  the  quadrate  coossifies  with  the  infrastapedial 
process,  and  encloses  an  oval  foramen.  A wide  canal 
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present  in  lower  part  of  the  basioccipital.  Mandible  strong,  upper  edge 
concave,  coronoid  process  prominent.  Coracoid  non-emarginate ; chevrons 
loosely  articulated.  Brown  Phosphate  Chalk  ; Belgium. 

Brachysaurus,  Williston.  Frontal  large  and  broad  ; no  median  basioccipital 
canal.  Suprastapedial  process  of  quadrate  coossified  with  the  infrastapedial. 
No  zygosphenes  ; chevrons  fused  with  their  centra.  Possibly  identical  with 
preceding  genus.  Ft.  Pierre  Cretaceous  ; South  Dakota. 

Fhosph.orosaurus,  Dollo.  Imperfectly  known.  Frontal  very  narrow,  with 
nearly  parallel  sides,  and  taking  part  in  the  sujierior  border  of  the  orbit. 
Parietal  small ; its  exposed  surface  triangular,  and  Avith  very  large  foramen 
at  its  front  margin.  Sujirastapedial  jirocess  much  elongated  and  united  with 
the  infrastapedial,  enclosing  an  elongated  meatal  ojiening.  Tympanic  cavity 
extended  and  shallow.  Upper  Cretaceous  ; Belgium. 

Taniwhamurus,  Hector.  Allied  to  Plafeccnpus.  Cretaceous  ; New 
Zealand. 


Sub-Family  C.  Mosasaurixae.  Williston. 

Hind  limh  tetradadyle.  Trunk  elongated,  tail  much  dilated  distaUy.  I'rc- 
maxillae  forming  a short  and  obtusely  conical  rostrum.  Prefrontals  more  or  less 
dilated  into  a horizontal  plate  posteriorly.  Quadrate  small,  with  moderate-sized 
supra stapeclicd  process.  Coronoid  large,  articulating  with  the  sp>lenial  on  the  inner 
side.  Humerus  tvith  strong  radial  process  at  distal  end.  Carpus  and  tarsus  com- 
pletely ossified ; not  more  than  six  phalanges  in  any  of  the  digits.  Zygosphenes  rudi- 
mentary or  functioned,  chevrons  fused  with,  their  centra. 

Clulastes,  Cope  {Edestosaurus,  Marsh),  (Figs.  2-12,  -1,  fi,  7,  251).  Skull  0'4 
to  0’7  m.  long  ; slender, 
tapering,  depressed. 

Frontal  not  emarginate 
posteriorly  in  the 
median  line.  Parietal 
foramen  entirely  ivithin 
the  parietal  plate. 

Teeth  facetted  on  outer 
side,  and  smooth  on  the 
inner  or  on  both  faces. 

Dentary  ivith  about 
seventeen  teeth,  maxilla 
fifteen,  pterygoid 
twelve  to  fifteen. 

Zygosphenes  func- 
tional ; chevrons  long. 

Neural  spines  elevated 
in  posterior  half  of  the  tail,  suggesting  presence  of  a caudal  fin.  Upper 
Cretaceous;  Kansas,  Alabama,  and  New  Jersey. 

Mosasaurus,  Conyb.  {Leiodon,  Owen;  Pterycollasaurus,  Dollo),  (Figs.  243, 
252).  Skull  attaining  a length  of  U2  m.,  and  total  length  of  about  12  m. 
Distinguished  from  Clidastes  chiefly  by  absence  of  a zygosjihene-zygantrum 
arrangement.  There  are  more  than  130  vertebrae  in  the  column,  of  which 
46  are  precaudal.  The  massive  upper  jaws  are  armed  with  about  fourteen 


Fig.  :251. 

Clidastes  propython,  Cope.  Upper  Cretaceous  ; Uiiiontowii.  Alabama. 
Skull,  superior  and  lateral  aspects,  1/.=;  (after  Cope). 
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powerful  teetli  on  either  side,  and  the  ])teiy<;oids  support  about  eight  smaller 


I’li:.  ’.'Sl’. 

Mn.-iifsiniriis  ciuiipn  i,  v.  MeyiT.  VliiiiT  ('l  etac^MUis  ; Maesti  iclit,  Hollaiul. 
Skull,  lateral  aspect,  V]o  (after  Dollo). 


teeth,  all  with  anterior  and  posterior  carinae.  Upper  Cu’etaceous  ; Holland, 
Helgiuin,  France,  Xorthern  (lennany,  and  the  United  States. 

[The  text  for  the  jirci;eiliiii'  chapter  on  Piithonomorpha  has  hcen  revisccl  and  modified  in 
accordance  with  tlie  latest  researches  hy  Dr.  S.  W.  tVilliston,  I’rolessor  of  Deology  and 
I’alaeontology  in  tlie  University  of  Kansas,  at  Lawrence.  — Eurron.] 


Sub-Order  3.  LACERTILIA.  Saurii.  Lizards.’ 

Seal  I/,  luiifi  - failed  irjitiles,  wifh  eUnajufed  and  sowet  tales  serpeniifann  had//. 
Sajierita'  feai/iaral  arcade  often  U'a alia//,  and  quadrate  loosel/i  attached  to  the  rranium. 
('olumella  roddike  or  riidiinentar// ; alisphenohl  and  orhitos/dtenoid  not  ossified. 
Maitdihular  rami  sntnrall//  united  at  siim/dn/sis ; teeth  acrodont  or  qdeurodont. 
Sternum  usnall//,  and  limli  t/irdles  alavi/s  /a'esent,hut  one  or  both  pairs  of  appemlages 
sometimes  wantiiaj.  Limbs  a mbnlatia'/i,  and  u.snalh/  provided  with,  fire  clawed  digits. 

'I'he  inajorit}"  of  lizards  posse.ss  a dermal  covering  of  corneous  or  in  some 
case.s  of  osseous  scales,  scutes,  or  spines,  extending  over  the  head  and  wdiole  of 
the  body,  d'he  vertebral  column  consists  of  numerous  procoelous  vertebrae 
(aniphicoelous  only  among  the  (teckonidae  and  [L'ojiellidae),  in  which  the  neural 
arches  are  thoroughly  coiissified  with  their  centra.  There  are  seldom  more 
than  nine  cervicals,  and  the  atlas  is  comjxised  of  two  dorsal  ]>ieces,  either 
sejiarate  or  united,  and  one  ventral  jiiece  in  the  form  of  a free  hyjiapojihysis 
or  intercentrum.  Loth  the  cervical  and  dorsal  series  have  the  transverse  pro- 
cesses weakly  developed,  so  that  the  rilis  a])[iear  attached  by  a short  tubercle. 
All  of  tlie  rilis  are  single-headed.  They  are  wuintirig  on  the  anterior  cervicaks, 
some  of  the  lundiar,  and  all  of  the  caudal  vertebrae.  The  sacrum  is  composed 
of  two  vertebrae.  Stout  transverse  jirocesses  and  chevron  bones  are  borne  by 
the  caudals. 

sternum  i.s  jiresent,  although  sometimes  rudimentary,  in  all  lizards 
except  .Im/diisbaena  ; it  usually  occurs  as  a large  rhombic  or  shield-shaped 
bone,  sometimes  jiierced  by  two  foramina.  The  ventral  jiortion  of  the  anterior 

' Literature  : 

Cepe,  E.  I)..  Ttie  Vertel)rata  of  tlie  Tertiary  Forniatioirs  of  the  We.st  (Kept.  N.S.  (feol.  Surv. 
Territ.  vol.  HI.),  1883.- — Marsh,  <>.  C.,  On  (Uyptosaurus,  Tiiiosanru.s,  etc.  (Amer.  .tourii.  8ci.  [3], 
vol.  I.  p.  4.oti),  1871  : mill  ihiU.  vol.  IV.  (1872),  p.  2D8. — Meyer,  //.  run.  Lacerten  aus  der 
Braunlrohle  des  Sieheiigehirges  (Palaeoutogr.  vol.  VII.  p.  74),  1860. — Parker,  II'.  A'.,  On  the 
structure  and  development  of  the  skull  in  the  Lacertilia  (Phil.  Trans,  vol.  CLXX.),  1880. 
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dorsal  ribs  which  join  the  sternum  are  sometimes  cartilaginous,  and  in  other 
cases  bony. 

The  skull  (Fig.  253)  is  distinguished  from  that  of  Thynchocephalians 
chiefly  by  its  large  free  quadrate,  a delicate  rod-like  columella,  and  the  con- 
stant absence  of  a lower  and  occasional  absence  of  an  upper  temporal  arcade. 


Monitor  niloticus^  Hassl.  Recent;  Egypt.  Skull,  lateral  aspect,  Vi-  Coluuiella  or  epipterygoid  ; eao, 
Exoccipital ; fr.  Frontal ; ju^  Jugal ; la,  Laclirymal ; mx,  Maxilla  : _V,  Xarial  opening ; no,  Xa.<al ; pa.,  Parietal : 
plj  Palatine ; pmj:,  Premaxilla  ; prf.  Prefrontal ; pro,  Prodtic ; pt,  Pterygoid  ; pff.  Postfrontal ; qu,  Quadrate  ; 
Wf  Quadrato-jugal ; S,  Supratemporal  vacuity ; so,  Supraoccipital ; Squamosal : f.  Transvei“se  bone  or  ecto* 
pterygoid  ; y,  Superciliary),  (after  Cuvier). 

The  vomer  is  unpaired,  and  not  in  contact  with  the  pterygoids ; and  the 
latter,  together  with  the  palatines,  form  a flat  thin  palate  pierced  by  large 
vacuities.  A transverse  bone  (ectopterygoid)  occurs  between  the  maxillae 
and  pterygoids.  The  external  nares  are  separate,  and  commonly  placed  near 
the  orbits.  The  opisthotic  is  fu?ed  with  the  exoccipital,  forming  the  so-called 
parotic  process  of  the  posterior  temporal  region.  The  distal  end  of  this 
process  serves  with  the  posterior  ends  of  the  squamosal  and  prosqtiamosal  as 
a buttress  to  which  the  movable  quadrate  is  attached.  The  squamosal  itself 


Iguana  tuberculala,  Laur.  Recent : West  Indies.  Inner  aspect  of  right  ramus  of  mandible,  slioning  pleuro- 
dout  teeth,  (ang,  Angular;  art,  Articular;  d,  Dentaiy ; k,  Coronoid ; op,  Splenial ; s.ana,  Suraiigular),  (after 
Cnrier). 

is  of  small  size  and  situated  between  the  outer  angle  of  the  parietal  and 
distal  end  of  the  prosc|uamosal.  The  postorbito- frontal  unites  with  the 
forward  end  of  the  prosqtiamosal  to  form  the  lower  border  of  the  superior 
temporal  fossa,  and  also  unites  with  the  jugal  to  form  with  this  bone  the 
posterior  border  of  the  orbit.  In  lizards  the  jugal  is  never  in  direct  connec- 
tion with  the  quadrate.  A parietal  foramen  occurs,  and  the  parietal  is 
frequently  unpaired. 

The  mandibular  rami  (Fig.  254)  are  suturally  united  at  the  symphysis  ; 
they  exhibit  the  same  structure  as  in  Pythonomorphs,  except  that  there  is  no 
movable  articulation  behind  the  middle  of  each  ramus.  Teeth  are  always 
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present  in  upper  and  lower  jaws,  and  occur  rarely  on  the  j)alatines,  pterygoids, 
and  ^■omer.  They  are  either  acutely  or  obtusely  conical,  chisel-  or  arrowhead- 
shaped, serrated  or.  carinated  on  the  anterior  and  ])osterior  edges,  or  in  some 
cases  their  form  may  be  hemispherical.  Their  bases  are  completely  fused 
with  the  supporting  bone,  and  their  arrangement  is  either  acrodont  or  j^leuro- 
dont.  Successional  teeth  are  developed  on  the  inner  side  of  the  functional 
ones,  and  gradually  displace  them. 

As  a rule  two  pairs  of  limbs  i)rovided  with  five  clawed  digits  are  present, 
although  the  hinder  pair  may  be  rudimentary,  and  in  some  cases  both  pairs 
are  wanting.  The  limb  girdles  ])ersist,  however,  even  among  a})odal  forms, 
but  the  ])elvic  arch  may  become  reduced.  The  coracoid  is  relatively  large, 
and  develoi>s  an  anterior  proces.s,  or  j)recoracoid.  The  scaj)ula  also  consists 
of  two  portions,  of  which  the  distal  (suprascapula)  is  the  larger  and  usually 
remains  cartilaginous.  The  scapula  j)roper  is  in  some  cases  bifid  at  its  distal 
e.xtremity.  The  rod-shaped  clavicle  comiects  the  anterior  border  of  the 
scapula  with  the  T-shaped  or  cruciform  interclavicle,  which  is  situated  in 
front  of  the  sternum.  The  bones  of  the  fore-limb  resemble  those  of  Khyn- 
chocephalians,  except  that  the  humerus  never  displays  distal  foramina. 
There  are  eight  small  carpals  arranged  in  tw'o  rows,  and  the  usual  phalangeal 
formula  is  ‘2,  3,  4,  5,  3. 

Where  the  hind  limb  is  normally  developed,  the  ilia  are  movably  attached 
to  the  cartilaginous  ends  of  the  sacral  ribs.  Pubes  and  ischia  meet  in  a 
ventral  symphysis,  and  the  anterior  border  of  the  former  frequently  develops 
a strongly  curved  ])rocess.  The  femur  generally  exceeds  the  humerus  in 
length,  and  the  bones  of  the  crus  remain  separate.  The  proximal  tarsals 
consist  of  a large  tibiale  (astragalus)  and  fibnlare  (calcanenm) ; there  are 
often  but  two  free  tarsals  present  in  the  distal  row  (Xos.  III.  and  IV.),  the 
remainder  being  fused  with  the  metatarsals.  The  phalangeal  formula  of  the 
pes  is  usually  2,  3,  4,  5,  4. 

Lizards  of  the  present  day  are  restricted  almost  exclusively  to  the  tro])ical 
and  teni])erate  zones,  and  according  to  Hoffmann  they  comprise  434  genera 
and  1923  species.  In  comparison  to  these,  the  number  of  known  fossil  forms 
is  very  insignificant.  The  oldest  remains  commoidy  associated  with  lizards 
are  the  fragmentary  jaws  and  procoelous  vertebrae  from  the  English  Pur- 
beckian,  kiujwn  as  Macelloihis  hroiJiei,  but  these  are  too  imperfect  for  accurate 
determination.  IMost  of  the  detached  vertebrae  and  other  fragments  of 
(b’ctaceous  -age  which  have  been  referred  to  Lacertilians  or  Ophidians  are 
j)iobably  Dolichosanrian. 

Even  the  known  Tertiary  fossils  are  very  fragmentary,  and  belong  for  the 
most  part  to  existing  families.  From  the  Lower  Piocene  of  Wyoming  repre- 
sentatives are  known  of  the  I'crnniflae  (Tinosanrus),  Ani/nidae  (fJlypfosaurus, 
Sanira,  Xestups),  Ljnuiddue  (Iiiuaiiaviis),  and  ChartKudeoiiidap.  Iguana  itself, 
now  restricted  to  the  western  hemisphere,  occurs  in  the  European  Tertiary. 
Fragmentary  remains  of  a nnmbcr  of  othei'  recent  genera  aie  found  in  the 
Eocene  (or  Oligocene)  Phos])horites  of  ()ucrcy,  and  Gypsum  Beds  of  Apt,  in 
France,  among  which  may  be  mentioned  the  following  ; — Proignana  (Fig.  255), 
Plestiodon  (Fig.  256),  Pahieomranus  (Fig.  257),  Againa,  iJiphglossns,  and 
Lncerfa. 

The  iMiocene  also  yields  a number  of  Lacertilian  fragments  identifiable 
with  recent  genera,  the  principal  localities  being  Auvergne,  I’rance;  the 
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lignites  of  Rott,  near  Bonn ; and  the  freshwater  strata  of  Steinheim,  Haslach, 
Giinzbiirg,  Sansan,  and  Colorado.  The  most  gigantic  of  all  lizards  are 


Fig.  2-55. 

(?)  Proiguana,  sp.  Plios- 
]i)iorite  of  Quercy.  Inner  ami 
outer  aspect  of  dentary,  i/i. 


Fig.  256. 

Plestiodon  cadurcensis, 
Filhol.  Phosphorite  of 
Quercy.  Inner  aspect  of 
dentary,  V]. 


Fig.  257. 

Palacovaranus  caghixi,  Filhol.  Phos- 
phorite of  Quercy.  Maxillary  frag- 
ment, i/j. 


Megalmiia  and  Xotiosaurus,  from  the  Pleistocene  river  deposits  of  Queensland. 
The  former  is  estimated  to  have  been  about  10  m.  in  length,  and  belongs  to 
the  Varanidae. 

Sub-Order  4.  OPHIDIA.  Snakes. 

Bodg  serpentiform,  without  limbs,  covered  with  corneous  scales.  Vertebrae 
procoelous,  with  zygosphene-zygantrum  articulation,  and  the  anterior  centra  with 
strong  simple  hypupophyses.  Both  upper  and  lower  temporal  arcades,  columella, 
sacrum,  sternum,  pectoral  arch,  abdominal  ribs  and  huernapophyses  are  wanting. 
Parietal  unpaired,  without  foramen,  the  sides  extended  downward  and  fused 
with  the  prootic,  alisphenoid,  and  orbit osphenoid.  Anterior  portion  of  brain  case 

completely  ossified.  Quadrate  and  pterygoid  morably  attached  to  skull  by  ligament. 
Maxillae  and  palatines  usually  freely  movable,  cdways  displaceable.  Premaxillae 
much  reduced  ; mandibidar  symphysis  ligamentous. 

Snakes  are  chiefl}?'  conspicuous  for  the  absence  of  limbs.  The  body  is 
greatly  elongated,  and  the  number  of  A'ertebrae  very  considerable,  sometimes 
exceeding  400.  The  centra  are  concave  in  front  and 
convex  behind,  the  connection  being  by  free  ball-and- 
socket  joints  ; and  their  articulation  is  further 
strengthened  by  zygapophyses  and  a zygosphene- 
zygantrum  arrangement.  The  neural  arches  are 
thoroughly  coossified  with  their  centra.  Simple 
hypapophyses  are  developed  by  the  anterior  ver- 
tebrae as  far  as  sometimes  the  thirtieth,  and  the 
transverse  processes  are  short  and  tumid  (Fig.  258). 

Ribs  are  almost  always  present  in  the  trunk  region, 
beginning  with  the  third  vertebra;  and  being  freely  .i  Vd' , 
articulated,  are  able  to  assist  in  propelling  the  body.  Recent;  Sumatra.  Anterior 
ihey  are  long,  curved,  and  frequently  hollow;  in  the  ep,  Axis;  hyp,  Hypapophysis : 
caudal  region  they  are  replaced  by  elongate  trans-  a’Aitoii.)*^’  spme),  (after 
verse  processes.  Haemapophyses  are  wanting  among 

snakes,  and  in  their  stead  occur  stout  descending  branches  of  the  transverse 
processes  (Fig.  259). 

^ Literatuie  : . 

Cope,  E.  1}.,  The  Vertebrata  of  the  Tertiary  Formations  of  the  West  (Kept.  U.  S.  Geol.  Stirv. 
Territ.  vol.  III.),  188.3.— H.,  Ann.  Sci.  Geol.  vol.  VIII.  (1887),  p.  210.— Fischer,  C.,  De 
seriientibus  quibusdani  fossilibus  dissertatio.  Bonn,  1857. — Meyer,  II.  von,  Cbluber  atavins  au.s 
dem  Siebengebirge  (Palaeontogr.  vol.  VII.),  1860. — Rochehrnnc,  A.  F.  de,  Revision  des  Ophidiens 
fossiles  (Nouv.  Arch.  Musee  d’Hist.  Nat.  Paris  [2],  vol.  III.),  1880. — Roemer,  F.,  Ueber  Python 
euboeicus  (Zeitschr.  deutsch.  geol.  Ges.  vol.  XXII.),  1870. 
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The  serpent  craiuum.  (Fig.  260)  differs  from  that  of  lizards  in  the  constant 
absence  of  Ijoth  temporal  arcades  ; complete  ossification  of  the  anterior  part 
of  the  brain  case  ; reduction  of  the  premaxillae  ; absence 
of  a columella  ; strong  development  of  the  ectopterygoid, 
which  joins  the  maxillary  and  palato-pterygoid  arches; 
and  movable  connection  between  not  only  all  of  the  last- 
named  bones,  but  between  the  squamosal  and  occipital 
region,  and  between  the  rami  of  the  lower  jaw.  The 
lirain  cavity  is  very  long,  and  its  lateral  walls  as  far  as 
Fig.  lM'.i.  the  middle  portion  are  formed  by  descending  j^'ocesses 

Python  hu-utntus,  Caudal  of  the  parietal  and  frontal.  The  exoccipital  and  opis- 
I',  Centrum  ; d,  il\  ‘rransi  thotic  arc  fused,  and  the  maxilla  is  often  much  reduced. 

cranial  bones  are  dense  and  ivory-like,  and  united 
by  smooth  sutures. 

Acicidar,  recurved,  acrodont  teeth  are  u-sually  present  on  the  maxillae, 
liremaxillae  pterygoids,  palatines,  and  dentaiy  bones.  Occasionally  they  are 
wanting  on  the  palatines  {Uropd- 
fidae),  and  often  also  on  the  rudi- 
mentary preniaxillae.  In  the 
venomous  snakes  some  of  the 
maxillary  teeth  are  hollow  and 
traversed  by  a canal  or  groove 
ending  in  a slit-like  opening  at  the 
end  of  the  tooth.  The  canal  is 
connected  with  the  duct  of  a 
jioison  gland,  and  through  it  the 
secretion  of  the  latter  is  forced 
when  the  animal  strikes.  Some 
of  the  non  poisonous  snakes  also 
have  grooved  teeth  immovably 
fixed  to  the  maxillae. 

Locomotion  among  snakes  is 
accomjilished  by  the  lateral  move- 
ments of  the  vertebral  column, 
ribs,  the  latter 
pushed  forward 
and  the  deimial  scutes  drawn  after 
them. 

The  Ophidia  arc  distrilmted  principally  in  the  warmer  regions,  only  the 
smaller  forms  extending  into  the  northern  temperate  zone.  By  far  the 
greater  number  are  terrestrial,  although  some  are  amjihibious,  and  a few  are 
exclusively  marine.  About  400  recent  genera  and  nearly  1800  species  are 
known,  as  compared  with  oidy  about  35  fossil  forms,  the  majority  of  which 
are  very  imperfect.  ^lost  of  the  detached  vertebrae  of  Cretaceous  age 
originally  regarded  as  Ojihidian  are  doubtless  Dolichosaurian,  and  the  known 
Tertiary  species  are  scarcely  to  lie  distinguished  from  those  now  living. 
Tolerably  complete  skeletons  occur  rarely  in  the  freshwater  Miocene  of 
Ueningen  and  Euboea,  as  well  as  in  the  lignites  near  Bonn,  and  belong  chiefly 
to  the  non-poisonous  varieties. 

Typically  Ophidian  vertebrae  {Falaeophis)  from  the  Lower  Eocene  of 


assisted  by  the 
being  alternately 
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Crotoliis  hon  idits,  Linn.  Recont ; South  Aniericu.  {art, 
Articular;  h.<,  liasisphenoid  ; d,  Dentary;  rt,  Kthinoid  ; /, 
Frontal ; m.r,  .Maxilla ; n,  Nasfil ; och,  Rasioccipital ; or/, 
Kxoecipital  ; oc,<,  Supraf)ccipital  ; Parietal  ; p/,  Post- 
Imiital ; /il.  Palatine  ; pms,  Preinaxilla ; pr,  Profitic  ; ;>r/, 
Prefn)ntal  ; }>t,  Pteryj^oid  ; (jii,  (Quadrate;  aq,  Squamosal; 
//*,  Transverse  or  ectoj)U*ry;;oid),  (after  Claus). 
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Sheppey  and  Bracklesham,  England,  and  Cnise  la  Mothe  France,  are  ascribed 
to  marine  Pythonidae  which  may  have  attained  a length  of  6 m.  A vicarious 
genus,  Titanophis,  occurs  in  the  Eocene  of  New  Jersey,  and  several  genera 
{Helagris,  Cope  ; Boavus,  Lithophis,  and  Limnophis,  Marsh)  have  been  described 
from  the  Eocene  of  Wyoming  and  New  Mexico.  Among  the  Upper  Eocene 
(or  Oligocene)  forms  of  France,  Switzerland,  and  England  may  be  mentioned 
Palaeopython  (Fig.  261)  and  Scyfalophis,  Eochebrune,  and  Palertjx,  Owen. 


BCD 


Fig.  201. 


Palaeopython  cadurcensiSy  Filliol  sp.  Phosphorite  of  Qiiercy,  France.  A,  Anterior.  B,  Lateral.  C.  Inferior. 
D,  Posterior  aspect  of  vertebra,  i/i.  (c,  Centrum  ; d.  Transverse  process  with  costal  tubercle  ; s-j?,  Neural  spine  ; 
z,  Zyapoi)hysis  ; za,  Zygantrum  ; zsp,  Zj'gospliene.) 

One  of  the  best  preserved  Miocene  serpents  is  Heteropython  euhoeious, 
Eoemer,  from  Kumi,  on  the  island  of  Euboea.  Representatives  of  the 
Coluhridae  {Elaphis,  Aldr.  ; Coluber,  Linn.),  and  Erycidae  (Scaphophis,  Roch.) 
have  been  described  from  the  freshwater  Miocene  of  Oeningen,  Steinheim, 
Giinzburg,  Haeder,  "Weisenau,  Ulm,  Sansan,  Touraine,  and  other  localities,  as 
well  as  from  the  lignites  of  Rott,  near  Bonn.  A number  of  Erycidae  and 
Crofalidae  are  also  known  from  the  Miocene  of  Colorado  and  Oregon.  All 
known  Pleistocene  remains  are  identifiable  with  existing  genera. 


Order  3.  ICHTHYOSAURIA.  {Ichthyopterygiad) 

Primitive  marine  reptiles  with  fish-like  body,  long  head  and  tail,  and  no  distinct  neck. 
Investing  hones  of  temporal  region  contracting  into  a single  broad  arcade  ; quadrcde 
fixed.  Piostrum  long  and  tapering  ; orbits  large,  latercdly  placed,  with  sclerotic  ring. 
External  nares  separate,  slightly  in  advance  of  orbits.  Parietal  foramen  and  supra- 
temporal  vacuities  large.  Teeth  acutely  conical,  inserted  in  a continuous  groove  on 
the  maxillae  and  elongated  premaxillae  and  mandibles,  but  sometimes  ivanting.  Vomer 
edentulous.  Vertebrae  numerous,  very  short,  deeply  amphicoelous.  Pabs  long, 
abdominal  ribs  present,  but  sternum  absent.  Pectoral  arch  consisting  of  coracoids, 
scapulae,  clavicles,  and  a T-shaped  interclavicle.  Limbs  short,  paddle-shaped, 
sometimes  with  more  than  five  rows  of  phalanges,  and  a layer  of  cartilage  around 
the  cctrpals,  tarsals,  and  phalanges.  Xo  dermal  armour. 

^ Baur,  G.,  On  the  morphology  and  origin  of  the  lehthyopterygia  (Amer.  Nat.  vol.  XXL  p.  837), 
1887  ; also  Bericht,  20th  Versammlung  Oberrheiu.  geol.  Vereins  (1887),  p.  ’20  ; and  Anat.  Anz. 
vol.  X.  (1894),  p.  456. — Cope,  E.  iJ.,  On  the  cranium  of  lehthyopterygia  (Proc.  Amer.  Assoc.  Adv. 
Sci.  vol.  XIX.  p.  197),  1870. — Fraas,  E.,  Die  Ichthyosaurier  der  siiddeutschen  Trias  und  Jura 
Ablagerungen.  Tubingen,  1891. — Die  Hautbedeckuug  von  Ichthyosaurus  (Wiirtt  Jahresh.  p.  493), 
1894. — Haickins,  T.,  Memoirs  of  Ichthyosauri  and  Plesiosauri.  London,  1834. — Marsh,  0.  C.,  On 
Baptanodon,  etc.  (Amer.  Journ.  Sci.  [3],  vol.  XVII.  p.  86),  1879  ; also  ibid.  vol.  XIX.  (1880),  p.  491  ; 
and  vol.  L.  (1895),  p.  405. — Merriam,  J.  C..  Triassic  lehthyopterygia  (Bull.  Californ.  Univ.  vol.  III. 
p.  63),  1902. — Owen,  R.,  Monograph  of  the  fo.ssil  Reptiiia  of  the  Liassic  Formations,  Part  III. 
(Palaeontogr.  Soc.),  1881. — Monograph  of  the  fo.ssil  Reptiiia  of  the  Cretaceous  Formations 
(ibid.),  1851. — Seeley,  H.  G.,  On  Ophthalmosaurus,  etc.  (Quar.  Journ.  Geol.  Soc.  vol.  XXX.  p. 
696),  1874. — On  the  .skull  of  an  Ichthyosaurus  (ibid.  vol.  XXXVI.  p.  635),  1880. — Theodori,  C.. 
Beschreibung  des  kolossalen  Ichthyosaurus  trigonodon  zu  Banz.  Munich,  1854. 
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The  nienil)ers  of  this  order  differ  conspicuously  from  all  living  reptiles, 
and  are  distinguished  chiefly  by  their  hsh  like  form  of  body,  paddle-shaped 
limbs  with  numerous  oval  or  polygonal  phalanges,  large  head  with  elongated 
rostrum,  short  amphicoelous  vertebrae,  and  naked  integument.  The  snout 
resembles  that  of  a dolphin,  the  teeth  are  crocodilian-like,  the  skull  and 
pectoral  girdle  suggest  those  of  lizards,  the  limbs  are  very  similar  to  the 
dippers  of  marine  mammals,  and  the  vertebrae  and  caudal  fin  are  decidedly 
fish-like.  As  regards  external  form,  limb-structure,  and  adajffation  to  a marine 
existence,  they  depart  as  widely  from  other  reptiles  as  whales  do  from  land 
mammals,  and  occupy  as  isolated  a position. 

The  absence  of  Irranchial  arches  and  shape  of  the  hyoid  bones  prove  that 
respiration  was  pulmonaiy  among  Ichthyosaurs  ; and  their  viviparous  habit  is 
demonstrated  by  a number  of  well-i)reserved  skeletons  in  the  Lias  of  England 
and  Wiirteml)erg,  which  e.xhibit  as  many  as  seven  embryonic  individuals  in 
the  abdominal  cavity.  Large  quantities  of  their  coprolites  occur  in  various 
localities,  and  contain  the  scales  and  l)ones  of  fishes,  and  fragments  of  cephalo- 
|)ods.  Ichthyosaurian  remains  are  found  exclusively  in  the  marine  dej)Osits  of 
the  Mesozoic,  and  are  most  abundant  in  the  Lias.  Of  their  origin  nothing  is 
known,  although  it  is  certain  that  they  were  derived  from  land  animals.  The 
earlier  (Triassic)  forms  have  less  completely  ])addle-shaped  exti’emities  than 
the  later.  Some  species  attain  a length  of  9 m.,  and  the  smallest  are  only 
about  ] m.  long. 

The  slcnU  (Fig.  262)  is  conspicuous  for  its  elongated,  dolphin-like  rostrum 
anil  enormous  orViits,  which  are  surrounded  by  a ring  of  fifteen  to  nineteen  scler- 
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otic  plates.  The  paired  parietals  and  frontals  are  of  small  size,  and  a large 
parietal  foramen  occurs  at  their  junction  in  the  median  line.  Adjoining  the 
])arietals  on  either  side  are  the  large  oval  supratemporal  vacuities  (S),  bounded 
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externally  by  the  squamosal  and  postfrontal.  The  external  nares  are  triangular 
and  placed  close  to  the  orbits  ; the  nasals  are  extended  in  front,  and  the 
premaxillae  greatly  produced.  The  superior  border  of  the  orbit  is  formed  by 
the  postfrontal,  and  prefrontal,  the  latter  a narrow,  triangular  plate.  In 
front  of  the  orbit,  and  sepai'ating  it  from  the  narial  opening,  is  a triangular 
lachrymal.  A long,  slender,  roddike  jngal  bounds  the  orbit  below,  and  a 
curved  oblique  postorbital  encloses  it  behind.  Joining  the  postorbital  and 
jugal  posteriorly  is  the  quadrato-jugal,  which  forms  the  postero-lateral  angle 
of  the  skull,  and  together  with  the  quadrate  furnishes  the  connection  for  the 
lower  jaw.  An  irregularly  triangular  or  rectangular  plate,  the  supratemporal 
(or  prosquamosal,  St),  is  inserted  between  the  quadrato-jugal  and  squamosal, 
and  behind  the  postorbital  and  postfrontal.  The  maxilla  is  an  elongate 
triangular  lione,  inserted  between  the  jugal,  lachrymal,  and  premaxilla. 

The  basioccipital  (Fig.  263)  is  very  strongly  developed,  and  bears  a stout 
articular  condyle.  Above  it  and  on  either  side  of  the  foramen  magnum  are 
the  paired  exoccipitals,  capped  by  the  n a 

supraoccipital.  Adjoining  the  ex- 
occipitals are  the  opisthotics,  which 
remain  separate  from  the  prootics. 

The  bones  of  the  occipital  and  otic 


Via.  2(34. 

IchthuLmiuriis  (":uit  rostrig,  ( )\ven.  Upper  Lias  ; 
England.  A,  Palatal  aspect  of  skull.  JJ,  Right 
temiforal  region,  V,-  Internal  nares  : pi.  Vomer  : 
sph.  Casisi)henoid,  its  rostrum  dividing  interptery- 
goid vacuity  : t,  Palatine,  not  extending  .so  far  in 
either  direction  as  shown.  Lettering  otherwise  as 
in  preceding  figures),  (after  Seeley). 
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Irhthyosaunis  aaitirostris,  Owen.  Upper  l.<ias  ; 
England.  Skull,  posteiior  aspect,  Vj*  (^o,  Basi- 
occipital condyle  ; exo,  Exoccipital  on  either  side  of 
foramen  inagmim  ; j,  Qua<lrato-jugal : pa,  Parietal : 
pt,  Pterygoid;  f/u,  Quadrate;  quj,  Supratemporal, 
missing  on  the  right-hand  side  ; so,  Supraoccipital ; 
sq.  Squamosal ; sf,  (Jpisthotic),  (after  Owen). 


regions  are  rather  loosely  united,  and  the  base  and  lateral  walls  of  the  brain 
case  appear  to  have  been  cartilaginous  ; there  is  no  ossified  alisphenoid  or 
orbitospheuoid. 

Abutting  against  the  basioccipital  on  the  lower  side  of  the  skull  (Fig.  264) 
is  a more  or  less  discoidal  basisphenoid,  which  develops  a long,  splint-like 
anterior  process  (presphenoid),  extending  along  the  middle  of  a large  inter- 
pterygoid  vacuity.  The  pterygoids  are  long  and  relatively  large-sized  bones 
joining  the  vomer  and  palatines  in  front,  and  the  basisphenoid  and  quadrate 
behind.  There  is  a well-developed  columella  or  epipterygoid,  but  no  ecto- 
pterygoid  has  been  observed.  The  posterior  nares  occupy  their  primitive 
position  on  either  side  of  the  narrow  vomers.  A pair  of  stout,  rib-like  hyoid 
bones  is  known  to  have  been  present. 
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The  slemlcr  rami  of  the  lower  jaw  unite  in  an  extensive  symphysis,  and 
are  without  a coronoid  process.  Each  ramus  consists  of  five  or  sometimes  six 
pieces.  A deep  groove  extends  along  the  outer  side  of  the  deutary  on  its 
u[)per  border,  but  becomes  interrupted  anteriorly  into  a series  of  ])its  for  the 
blood-vessels. 

The  teefh  (Fig.  265)  are  acutely  conical,  smooth  or  vertically  striate,  some- 
times with  anterior  and  posterior  carinae,  and  with  a tumid  root  usually 
larger  than  the  crown.  As  many  as  180-200  occur  in  single  series  in  upper 
and  lower  jaws  (Fig.  266),  being  confined  to  the  maxilla,  premaxilla,  and 
dentary.  They  are  placed  in  a deep  groove,  usually  continuous,  ami  were 
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r Ichfhi/osaurus  (jucnstefiti,  /ittel.  Upper  .Jura  ; 

1 Wurtfinber;;.  .Ia\v-fra«;nient, 'V4-  (»u/,  Deutary  ; 

no,  Nasal  : J’remaxilla),  (after  Quenstedt). 

held  in  ])lace  by  the  tissues  and  edges  of  the  groove.  Some  of  the  later 
•Mesozoic  forms  are  edentulous.  The  crown  is  composed  of  dentine,  covered 
with  a layer  of  enamel,  and  over  this  there  may  be  sometimes  still  another 
layer  of  cement.  A vertical  folding  of  the  walls  similar  to  that  occurring  in 
Labyrinthodonts  is  occasionally  observed.  The  large  root  is  composed  of  an 
osseous  cement  containing  bone  cells  and  vascular  canals,  and  is  enveloped  by 
a more  or  less  ])licated  covering  of  dentine. 

The  vetichrul  cohnnn.  comj)rises  but  two  regions — caudal  and  j)recaudal. 
There  is  no  true  neck,  and  no  sacrum.  There  are  between  120  and  150 
vertebrae,  of  which  about  100  are  caudal.  The  centra  are  extremely  short, 
and  deeply  biconcave,  as  among  Selachians  and  Labyrinthodonts.  The  neural 
arches  are  strongly  developed,  never  fused  with  their  centra,  and  articulate 
with  one  another  by  feeble  zygapojihyses.  Adult  individuals  almost  invariably 
have  the  atlas  and  axis  fused,  and  before  and  behind  each  of  them  are  sub- 
vertebral  hypocentra  or  intercentra.  The  remaining  jirecaudal  vertebrae  are 
of  nearly  uniform  character  (Fig.  267),  each  centrum  being  jn'ovided  with  two 
])airs  of  tubercles  for  attachment  with  the  double-headed  ribs,  and  exhibiting 
dorsally  a neural  canal,  with  a rugose  ])it  on  either  side  foi'  the  pedicles  of 
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the  neural  arch.  The  anterior  cauclals  bear  only  a single  pair  of  tubercles  for 
the  support  of  the  single-headed  ribs,  and  these  gradually  disappear  posteriorly 


Fig.  267. 

Ichthi/osaimis  trigonus,  Owen.  Kiininericlge  Clay  ; Wooton- 
Basset,  England.  Posterior  dorsal  vertebra,  1/3.  o,  b,  Tuber-  Ichthyosaurus,  sp.  Upper  Lias  ; Banz. 

cular  and  capitular  facettes  for  ribs  (after  Lydekker).  Franconia.  Caudal  vertebra,  Vi* 


(Fig.  268).  The  halves  of  the  chevron  bones  usually  remain  separate,  but  the 
neural  arch  of  each  vertebra  except  the  atlas  is  undivided.  A sharp  down- 
ward deflection  of  the  column  occurs  in  the  posterior  part  of  the  tail,  where 


Fig.  26‘.i 


Ichthyosaurus  quad ricissus,  Quenst.  Upper  Lias  ; Holzmaden,  Wurtemberg.  ?^keletou  showing 
outline  of  integument  and  dorsal  and  caudal  tins,  1 jo  (after  E.  Fraas). 


the  vertebrae  enter  the  base  of  the  large,  triangular  caudal  fin.  The  latter  is 
expanded  in  a vertical  instead  of  horizontal  plane,  and  must  have  been  a very 
powerful  swimming  organ.  A median  dorsal  fin  has  also  been  observed  in  a 
specimen  from  the  Lias  of  Wiirtemberg  (Fig.  269). 

Ribs  are  present  on  all  the  precaudal  vertebrae,  and  reach  their  greatest 
elongation  between  the  tenth  and  thirteenth  centrum,  after  which  they 
gradually  decrease  in  size  toward  the  pelvis.  From  here  on  they  continue 
single-headed,  straight,  and  more  like  lateral  processes  than  ribs,  and  become 
obsolete  toward  the  caudal  fin.  The  long  slender  ribs  of  the  trunk  are 
recurved,  subcylindrical  in  section,  and  in  most  species  longitudinally  grooved. 
A median  longitudinal  and  one  or  two  paired  lateral  series  of  splint-like 
abdominal  ribs  are  developed. 

The  pectoral  arch  (Fig.  270)  is  unusually  powerful,  and  indicative  of 
excellent  swimming  ability.  There  is  no  ossified  sternum  for  the  attachment 
of  ribs,  but  a T-shaped  interclavicle  is  present  in  the  median  line,  in  part 
overlapping  the  robust  coracoids,  whose  inner  edges  meet  in  a long  symphysis. 
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The  anterior  border  of  the  coracoids  is  somewhat  deeply  excavated,  the 
posterior  margin  entire  and  rounded.  Its  lateral  margin  is  developed  into  a 
short,  stout,  and  thickened  process  bearing  two  articular  facettes,  the  foremost 
for  receiving  the  proxinufl  end  of  the  scapula,  and  the  hinder  for  the  head  of 
the  humerus.  The  clavicles  are  slender  curved  bones,  usuallv  meetins:  in  the 
middle  line  at  the  anterior  margin  of  the  interclavicle.  Their  union  may  lie 
either  by  suture  or  fusion,  or  sometimes  even  by  a joint. 

Humerus,  radius,  and  ulna  are  all  short  stout  bones  (Fig.  271),  and 
relatively  much  reduced.  The  proximal  end  of  the  humerus  is  thickened,  the 
distal  flattened,  and  provided  with  radial  and  ulnar 
articular  facettes,  which  arc  remarkable  for  being 
concave.  The  remaining  bones  of  the  ])addle,  of 
which  the  first  two  rows  correspond  to  the  carjms,  and 
the  third  to  the  metacarpus,  are  small  and  jiolygonal, 
and  usually  arranged  in  a sort  of  mosaic.  There  are 
comnioidy  from  three  to  five  digits,  but  as  some  of 
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J'-hlhfiosiinrii'i  inniinirnis,  (.'onyh.  Lowit  Lias ; Kn^laml.  I’rrloral 
arcli  ami  ton*  Imib,  ventral  aspect,  t rl.  Clavicle  : cor,  Coracnirl  ; 

//,  /.  lnt‘*rim*(linm : iri,  Interclavicle  (j>artly  coveretl  by 

elavicle.K) ; Ka'lins  : r,  Hatiiale  ; sr,  ,S<;apula  ; l.\  Ulna;  u,  1‘lnare. 
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l-'io.  -27}. 

Iflithyosnurus  tririasvs,  (^ueiisl. 
Uj)]ier  Lias  ; Boll.  Wiirtembei^. 
liCft  fore  pa«l<llf*,  dorsal  aspect. 
»•',  Distal  carjmls  ; mr.  Equiva- 
lents of  mctaearpalN.  Other 
letters  as  in  Kij;.  270. 


the  phalangeal  rows  stdidividc,  the  number  of  the  latter  is  occasionally 
ini'i’cased  to  eight  or  nine.  As  many  as  100  jdialangcs  are  sometimes  present. 
.V  deep  incision  is  often  oljservable  on  the  radius  and  three  succeeding  bones 
of  the  ])addle,  the  significance  of  which  is  not  understood. 

I'he  pchir  arrh  is  weakly  developed,  and  freely  sus})ended  in  the  abdominal 
muscles.  Ilium,  pubis,  and  ischium  are  all  long  and  slender  bones,  and 
a|)parently  meet  at  the  acetabulum.  The  femur  is  short  and  stout,  but 
relatively  longer  than  the  humerus,  and  the  rest  of  the  hind  jjaddle  practically 
duplicates  the  structure  of  the  anterior  limb.  The  femur  and  humerus  of  this 
order  are  unicpie  in  that,  instead  of  having  convex  comhdes  for  the  articulation 
of  the  c]upodial  bones,  they  present  pre-  and  j)ost-axial  concavities  for  their 
recejition  (Fig.  271).  Impressions  of  the  leathery  integument  are  retained  by 
some  specimems,  as  well  as  of  the  cartilaginous  layer  which  surrounded  the 
])halanges  and  completed  the  outline  of  the  paddles.  Dermal  armour  was  not 
develojjed. 
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Family  1 . Ichthyosauridae. 

jnth.  the  rhararfers  of  the  order.  Trias  to  Cretaceous. 

Mixosaurtis,  Baur.  Most  of  the  smaller-sized  Triassic  remains  are  i)laced 
ill  this  genus  as  distinct  from  Ichthyosaurus,  the  teeth  being  in  less  uniform 
series,  and  the  limbs  less  completely  paddle-shaped.  The  radius  and  ulna  are 
elongated,  and  separated  by  an  interstice  throughout  their  length.  JL 
cornalianus,  Bassani,  the  typical  species,  varies  from  0‘5  to  1 m.  in  length, 
and  occurs  in  the  Upper  Trias  of  Besano,  Lombardy.  M.  atavus,  Quenstedt, 
is  known  by  fragments  from  the  Muschelkalk  of  AYiirtemberg. 

Ichthyosaurus,  Konig  (Figs.  262-271).  Teeth  conical  and  in  uniform  series. 
Radius  and  ulna  shorter  than  broad,  jiroximally  in  contact.  Humerus  and 
femur  with  two  concave  distal  facettes.  Total  length  of  largest  forms  upwards 
of  10  m. 

This  genus  is  most  abundant  in  the  Lias,  I.  communis  and  I.  intennedius  being 
familiar  English  species.  Localities  noted  for  the  excellence  of  their  fossil  remains  are 
Dorsetshire  (Lyme  Regis)  and  Somersetshire  in  the  Lower  Lias,  and  Yorkshire,  Cal- 
vados, AYiirtemberg  (Boll,  Holzmaden),  and  Franconia  fBanz,  Altdorf)  in  the  Tapper 
Lias ; and  the  species  of  the  one  division  are  for  the  most  part  distinct  from  those  of 
the  other.  I.  communis,  infermedius,  latimanus,  platyodon,  and  tenuirostris  are 
especially  characteristic  of  the  Lower  Lias,  and  I.  acutirostris,  inyens,  yuadricissus, 
and  trigonodon  of  the  u^iper  member.  Remains  of  Ichfliijosaurus  are  sparse  in  the 
Aliddle  Jura,  but  a number  of  species  occur  in  the  Ujiper  Jura  of  Solenhofen  and 
Kelheim,  Bavaria,  Xortliern  France,  and  England.  Cretaceous  forms  are  known  from 
England,  France,  the  East  Indies,  Australia,  Xew  Zealand,  and  Chili. 

Ophthahnosuurns,  Seeley.  Edentulous  or  with  minute  teeth  contined  to 
front  of  the  jaw.  Humerus  and  femur  with  ])rominent  trochanteric  ridge 
and  with  three  concave  distal  facettes ; all  remaining  limb  bones  more  or  less 
rounded  and  separated.  Clavicles  separated.  Upper  Jura  and  Lower  Creta- 
ceous ; England. 

Baptanodon,  Ylarsh  {Sauranudou,  Marsh  non  Jourdan).  Similar  to  the 
preceding,  but  completely  edentulous.  Interclavicle  not  observed ; digit 
arising  from  the  intermedium  consisting  of  two  longitudinal  rows  of  ossicles. 
Coracoids  unite  in  the  median  line  in  large  elliptical  facettes.  Upper  Jura  ; 
AA'yoming. 

Stiastasaurus,  Merriani.  Includes  several  large  siiecies  from  the  LIpper 
Trias  of  northern  California.  Pelvis  very  robust ; all  but  first  ten  rilis  single- 
headed.  Cymbospondylns,  Leidy,  from  (Middle  Trias  of  Nevada,  is  inpierfectly 
known. 


Order  4.  SAUROPTERYGIA.  Owen.i 

Frimitive  aquatic  reptiles  with,  long  nech,  lizard-like  body,  and  uioderately  short 
tail.  Cranium  small,  with  parietcd  foramen  and  large  supratemporal  vacuities. 

^ Andrews,  (J.  H7,  On  Plesiosaurus.  Pliosaurus,  etc.  (Quar.  .Journ.  Geol.  Soe.  vol.  XXXVII.  p.  440). 
1881. — Also  ibid.  vol.  LIII.  (1897),  p.  177,  ami  various  .articles  in  Geol.  Mag.  [4],  \ ol.  II.  (189.7).  p.  241  ; 
ibid.  vol.  III.  (1896),  p.  14,7  ; Ann.  Mag.  Xat.  Hist.  [6],  vol.  XV.  (1895),  p.  333  ; ibid.  vol.  XVI. 
(1895),  p.  429. — Bassani,  F.,  Sui  fossili  degli  scliisti  bitumiuosi  trias.sici  di  Besano  (Atti  1st.  Veneto 
Sei.),  1886. — Benedeii,  P. ./.  van.  Deux  Plesiosaures  du  Lias  inferieure  dn  Luxembourg  (Mem.  Acad. 
Roy.  Belg.  vol.  XLIII.  p.  1),  1880. — Boidenyer,  O.  A.,  On  a Nothosaurian  Reptile  referable  to 
Lariosaurus  (Trans.  Zool.  Soc.  vol.  XIV.  p.  1),  1896. — Cape,  E.  /).,  On  the  structure  of  the  skull  in 
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liivestiii;/  hums  of  temporal  region  funiiiiuj  a sin(jle  hruad  arcade;  quadrate  fixed. 
I ‘ remaxUlae  nut  eJonrjated ; jitenjqoids  extensive,  meeting  along  the  middle  line  ; 

nurial  upenings  divided.  Teeth  conical,  thecodont, 
in  single  series  along  margin  of  jaws.  Vertebrae 
amphiplati/an  ; sacrum  composed  of  two  to  four 
vertebrae.  Cervical  ribs  articulating  onlg  with 
centra,  never  with  their  arches;  dorsal  ribs  single- 
headed  ; abdominal  ribs  present  between  the  robust 
limb  girdles;  no  ossified  sternum.  Limbs  more 
or  less  completeli/  piaddle-shaped,  peidadacti/late. 
Humerus  with  cntej)ico)alglar  foramen,  and  large 
conical  epijihgses;  digits  sometimes  with  super- 
nuinerurg  jdialanges.  Jtermvd  armour  and  sclerotic 
ring  not  developed. 

This  re})tiliiiii  order  ranges  from  the  Trias 
to  the  end  of  the  iMesozoic  era.  The  earlier 
forms  are  mostly  small  amphibious  animals 
with  slender,  elongated  limbs,  and  the  later 
ones  large-sized  and  completely  adai)tcd  for 
a marine  existence. 

Faiiiilv  I.  Nothosauridae. 

Limbs  comparatirel g slender  ami  elongated, 
with,  Jive  digits  and  normal  number  of  phalanges. 
Coracoids  not  much  extended  along  their  median 
sgiajdigsis,  ami  not  in  contact  with  interclaricle  : 
scapulae  well  separated  by  a clavicular  arch. 
Trias. 

Lariosaurus,  Curioni  (. Mar  romirosa  urns, 

(iur.),  (Fig.  272).  Body  lizard-like,  20-90  cm. 
hjng,  tail  forming  about  one-third  the  total 
length.  There  are  about  twenty  cervicals, 
twenty-four  to  twenty-six  dorsals,  four  sacrals, 
and  over  foity  caudals.  Cervical  ribs  small 
and  double-headed  ; dor.sal  ribs  very  robust, 
and  bonie  duectly  by  the  neural  ai’ches.  .V  median  longitudinal  and  two 

the  I’lesio.s.auliaii  l!e|)tilia  (Proc.  Amer.  Phil.  Soc.  vol.  X.X.Xlll.  |).  110),  1891.  — hemes,  IP., 
(.Xhhiuiill.  ))n-iiss.  Akiul.  Wiss.  ]i.  1),  189.7. — herehr,  II'..  t'eber  Lariosauius,  etc.  (Zeitschr.  ile\itsch. 
fjeol.  ties.  vol.  XXXVII 1.  p.  170),  1886. — Jlnwki ns,  T..  .M<'iiioir.s  on  Ichthyosauri  .aiiil  Plesiosauri. 
Lomlou,  1S34. — I/n/Jo;  .T.  I)'.,  Aniiivcr.sary  Address  (Quar.  .lourii.  (leol.  Soc.  vol.  XXIX.),  1893. 
Also  Proc.  Itoy.  Soc.  vol.  LI.  (1892).— ///'./7c»/,  T.  If.,  On  Plesiosaurus,  etc.  IQuar.  .Journ.  (Jeol.  Soc. 
vol.  XIV.  ]i.  281),  18.58. — Kn'njhl,  IP.  Some  new  .Jurassic  Vertebrates  from  Wyoming  (Amer. 
.lourn.  Sci.  [4].  vol.  A'.  )>.  378),  1898.  Also  ihiil.  vol.  X.  (1900),  p.  11.5. — Mci/cr.  II.  von,  Zur  Fauna 
del-  Vorwelt.  pt.  II.  Frankfort,  1847.  -Oitv//,  It..  Monogra))h  of  the  fo.s.sil  Uejitilia  of  the  Liassic 
Formations,  pt.  111.  ( Palaeontogr.  Soc.).  186.5.  Also  Geol.  .\I,ag.  vol.  VII.  (1870),  ]).  49  ; and  Quar. 
Journ.  Geol.  Soc.  vol.  X.XXIX.  (1883),  p.  133. — See/ei/,  II.  <1.,  The  mature  of  the  shoulder  girdle  and 
clavicular  arch  in  Sauro|)tcrygia  (Proc.  l!oy.  Soc.  vols.  LI.  j>.  119,  and  LIV.  ]i.  160),  1892-93.  Also 
various  arti(  les  in  Ann.  ,Mag.  Xat.  lli.st.  [3].  vol.  XV.  (186.5),  pp.  49,  232  ; vol.  XVI.  (1865),  j).  352  ; 

1 4J,  vol.  Vlll.  (1871):  ()nar.  Journ.  Geol.  Soc.  vol.  XXX.  (1874).  ]ip.  197,  436;  vol.  XXXIIL 
(1877).  p.  541  ; vol.  XXXVIII.  (1882).  p.  350  : Ann.  Rej).  Yorks.  Phil.  Soc.  (1895),  jn  20.— .SW/mv, 
IP.  On  Plesiosaurus  conybearei  (Quar.  .lourn.  Geol.  Soc.  vol.  XXXVII.  ]i.  440),  1881. — 
WiUistxin,  .s'.  IP.,  .X  new  Plesios.anr,  etc.  (Trans.  Kansas  Acad.  Sci.),  1890. 


Pto.  27'_’. 

T.ii I'insd n nts  hfUsfinii,  Curioiii.  .Musclicl- 
kalk  ; I’cricdo  on  Lake  (.'onm,  Lombardy. 
Skeleton,  dorsal  asjicct,  h'ni. 
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paired  lateral  series  of  abdominal  ribs  present.  Proximal  tarsals  consisting  of 
two  large  elements,  the  distal  five  each  supporting  a digit ; phalangeal  formula, 
2,  3,  4,  4,  3.  Hind  limb  longer  and  stouter  than  the  anterior,  but  otherwise 
very  similar ; jjhalangeal  formula  2,  3,  4,  5,  4.  Palate  with  suborbital  and 
infratemporal  vacuities,  but  no  interpterygoidal.  Middle  Trias ; Lake  Como, 
Italy. 

Pachypleura,  Cornalia  {Neusficosaurus,  Seeley).  Similar  to  the  preceding 
but  smaller  (25-30  cm.  long),  with  much  shorter  neck  ; about  sixteen  cervicals 


A 1!  C 


Nothosaurus  mirahiliSy  Muiist.  Musclielkalk  ; Bayreuth,  Germany.  Skull,  slightly 
restored,  1/4.  Ay  Dorsal  aspect  (after  Quenstedt).  B,  Lateral  aspect.  C,  Palatal  aspect 
(after  v.  Meyer).  A,  Orbit;  ang,  Angular;  art,  Surangular;  hn,  Basioccipital  condyle; 
ch.  Internal  nares  ; d,  Dentary;  fr,  Frontal:  G,  Infratemporal  vacuity;  j.  Jugal;  Ic, 
Articular;  md.  Mandible;  mr,  Maxilla;  N,  External  narial  opening;  na,  Nasal;  pa, 
Parietal;  pZ,  Palatine;  pnix.  Premaxilla;  pr/,  Prefrontal;  pt,  Pterygoid,  bounded  in 
front  by  vomer  (suture  not  shown) ; pt/,  Postfrontal ; qv.  Quadrate  ; qiijy  Qnadrato-jugal 
fused  with  squamosal  and  supratemporal ; S,  Supratemporal  vacuity. 


Ficj.  ‘274. 

Tooth,  ^/i,  (if 
species  shown  in 
Fig.  ‘273. 


Fig.  ‘275. 

Cervical  ^■ertebra, 
Vi,  of  species 
shown  in  Fig.  273. 
A,  B.  Dorsal  and 
lateral  aspects. 


and  forty  caudals.  Upper  Trias  (Kaibl  Beds) ; Besano,  Lombardy,  also  Letten- 
kohle  of  Hoheneck,  near  Ludwigsburg. 

Dadylosaurus,  Giivich;  Anarosaurus,  Uames;  Cymutosaurus,  Dames.  IVIuschel- 
kalk  ; Silesia  and  Thuringia. 

Nothosaurus,  Miinst.  (Figs.  273-277).  Distinguished  from  Lariosaurus  by 
its  larger  size,  closure  of  suborbital  vacuity  in  the  palate,  and  presence  of  short 
and  stout  transverse  processes  on  neural  arches  of  dorsal  vertebrae. 


The  skull  is  elongated  and  somewhat  contracted  anteriorly,  attaining  a length  of 
35  cm.  in  the  typical  species.  The  supratemjioral  vacuities  are  very  large,  the  un- 
l)aired  parietal  being  reduced  to  a narrow  bar,  pierced  posteriorly  by  a parietal 
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I'ommen.  Tlie  orliits  are  oval,  relatively  small,  and  placed  slightly  in  front  of  the 
middle  ; not  far  removed  from  them  are  the  external  nares.  The  nni)aired  frontal  is 
much  elongated,  the  premaxillae  only  moderately  so,  and  the  prefrontals  are  small  and 
triangular.  The  long  and  narrow  maxillae  unite  jiosteriorly  with  a slender  jugal, 


Fk; 

ynthosan  1-116  iitirahilis,  .Munst.  Muscliclkalk  : Hayreutli,  Ci-rniany.  ,1,  Tlie  tive  anterior  rvicals. 
y>,  Two  tlorsals.  C,  TlirtM*  cainlal  vertobrae,  i/u  (af'U*r  von  Meyer). 


which  enters  into  the  teni])oral  arcade.  Pterygoids  and  j^alatines  are  strongly 
develojied  ; the  internal  nares  are  placed  far  forwards,  on  either  side  of  the  paired 
vomer.  A single  series  of  conical,  slightly  curved,  and  striated  teeth  (Fig.  272)  is 


home  hy  the  maxillae,  ]>re- 
niaxillae,  and  dentary.  All  of 
the  rostral  and  one  or  two  of 
the  anterior  maxillaiy  teeth  are 
considerably  eidarged . 

Owing  to  the  sutural  union 
between  the  vertebral  cent la  and 
their  nenial  arche.s,  the  former 
are  usually  found  detached  in 
the  1'os.sil  state,  and  exhibit  a 
cruciform  impres-sion  on  the 
dorsal  surface  (Fig.  275).  I'liere 
are  about  twenty  cervicals  (P'ig. 
27  tij,  all  of  which  excepting  atlas 
and  axis  bear  short,  curved, 
double-headed  ribs.  The  ribs  of 
the  trunk  region  are  stout,  single- 
headed, and  attached  to  the  trans- 
veme  proce.sses  of  the  neural 
arches.  In  this  region  the 
neuivd  s])ines  are  more  strongly 
develo])ed,  and  the  zygapoi)hyscs 
more  weakly,  than  elsewhere  in 
the  vertebral  column.  The  caudal  vertebrae  have  single-headed  ribs  attached  to  their 
centra,  and  also  small  chevron  bone.<  The  abdominal  ribs  conipri.se  a median  longi- 
tudinal series  sharjily  bent  in  the  middle  line,  and  a jiaired  lateral  series. 

In  the  pectoral  arch  (Fig.  277)  the  clavicles  are  well  develoiied,  and  form  a regular 
arch  into  which  a small,  oval  interclavicle  enteis.  The  ends  of  the  clavicular  arch  are 


l■■|c.  277. 

ynflinsaiini6  hiirahUi.f,  Mviijst.  Muschflkalk ; |}ayr«*iUli.  Oci- 
iriaiiy.  hursal  aspect  of  pertonjl  arcli,  i «7,  Clavicl** ; ror,  Cora* 
i:oi«I  ; if!.  Int»'r(’lavicb* : .<»■,  Scapula. 
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suturally  united  witli  a pair  of  stout  scapulae,  which  develop  ohlii[ue  dorsal  processes. 
The  coracoids  are  not  - much  extended  iii  the  median  line,  and  their  antero-internal 
margin  is  notched  and  incomjdete ; ajijiarently  the  space  between  them  and  the 
clavicular  arch  was  filled  during  life  by  cartilage.  The  humerus  is  moderately  long, 
curved,  and  very  robust ; it  is  pierced  distally  by  an  entejiicondylar  foramen.  Eadius, 
ulna,  and  metacarpals  are  likewise  rather  long  and  slender,  the  paddle-shaped  form  of 
limb  being  not  yet  fully  acquired. 

The  bones  of  the  j)elvic  arch  are  rol)ust,  and  owing  to  their  loose  articulation, 
usually  occur  detached  in  the  fossil  state.  The  ilium  is  very  short  and  stout,  some- 
what exjianded  distally,  and  provided  with  two  articular  facettes.  Pubis  and  ischium 
are  both  of  large  size,  narrowed  and  thickened  at  tlie  acetabulum,  and  distally  ex- 
panded ; a small  obtui'ator  foramen  persists  in  the  jielvis.  The  femur  is  longer  and 
more  slender  than  the  humerus,  nearly  rectilinear,  moderately  thickened  at  the 
extremities,  and  with  rounded  articular  faces.  The  remaining  bones  of  the  hind  liml.> 
are  imperfectly  known. 

Nofhosatiras  is  an  exclusively  Triassic  genus,  and  occurs  most  al>undautly  in  the 
Muschelkalk  of  Southern  Germany.  N.  mirabilis,  IMiinster,  is  the  tyjiical  and  best- 
known  species,  attaining  a length  of  fully  3 m.  Smaller  species  are  known  from  the 
Buntsandstein  and  Lettenkohle.  The  so-called  Farthanosaurus,  Skuphos,  from  tlie 
Eaibl  Beds  of  Vorarlberg,  is  doubtfully  distinct. 

Coiichiosuurus,  v.  Meyer.  Muschelkalk ; Esperstiidt,  Brunswick. 

Simosauras,  v.  Meyer.  Skull  broad  and  depressed,  with  obtuse  snout. 
Teeth  short,  obtusely  conical  or  clavate,  the  crown  strongly  striated.  Muschel- 
kalk and  Lettenkohle. 

Pistosaunis,  v.  Meyer.  Known  only  by  the  skull,  which  tapers  anteriorly, 
and  attains  a length  of  35  cm.  Premaxillae  elongate  and  slender,  the  small 
narial  openings  placed  between  them  and  the  maxillae.  Nasals  greatly 
reduced  and  displaced  posteriorly.  Palate  with  an  unpaired  vacuity  between 
the  premaxillae.  Muschelkalk;  Franconia  and  Silesia.  This  genus  is  made 
by  Baur  the  type  of  an  independent  family. 

Family  2.  Plesiosauridae. 

Liuihs  paddle-shaped,  hones  of  second  segment  much  shortened,  and  the  five  digits 
elongated  by  supernumerary  phalanges.  Clavicular  arch,  tending  to  dwiinish  in  size 
as  the  scapulae  increase,  the  latter  sometimes  becoming  fused  witli  each  other  and  the 
coracoids  in  the  median  line.  Coracoids  much  extended  cdong  median  symphysis, 
and  uniting  with  either  the  scapular  or  clavicular  arch  anteriorly.  Sclerotic  plates 
present  Trias  to  Cretaceous. 

Plesiosaurus,  Conyb.  (Figs.  278-280).  Head  small,  neck  very  long,  tail  of 
moderate  length.  Snout  not  elongated,  orbits  elliptical  and  placed  near  the 
middle  of  the  skull,  supratemporal  vacuities  large,  irregular.  External  nares 
small  and  close  to  the  orbits.  Postero- lateral  angles  prominent.  Inter- 
pterygoidal  and  posterior  palatine  vacuities  small.  Mandibular  synqrhysis 
short.  Teeth  acutely  conical,  longitudinally  grooved ; anterior  ones  some- 
what enlarged.  Coracoids  meeting  in  a long  symphysis,  scapulae  separated 
by  a well-developed  clavicular  arch. 

The  numlier  of  cervical  vertebrae  varies  among  the  difi'erent  species  Ijetweeu  tliirt\' 
and  forty.  The  centra  are  but  slightly  biconcave,  and  muted  to  the  neural  arches 
by  suture  ; the  marks  of  their  attachment  form  with  the  neural  canal  a cruciform 
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impression  on  tlie  dorsal  side  ot  tlie  centra.  With  the  exception  of  atlas  and  a.xis,  all 
the  cer\-icals  liear  short,  doul)le-lii'aded  ril>s,  attached  directly  to  the  centra.  Tliere 
are  about  tw  enty  dorsal  vertebrae  with  well-developed  transverse  processes  and  single- 
headed  ribs.  ihe  two  sacral  vertebrae  are  characterised  by  having  somewdiat  shorter 
trans\'erse  processes  and  broader  ribs  than  the  rest.  There  are  between  thirty  and 
forty  caudaLs,  most  of  which  bear  short,  single-headed  rilis  articulated  with  their  centra. 


rlesiosaurma  vuirroct'jihalu.'t,  Owen.  Lias;  I.yni«  Uf-'is 

Dorsptsliin*.  .1,  LaU*ral  ; />',  Superior  ; (',  Palatal  uappcls  oT  skull,  i/,5 
Off,  Angular;  art,  Articular:  lun-r,  Basioccii)ital  : hs,  Basisjihi-noid 
(f,  dentary;  crjtt,  Transverse  or  ect(j])teryj(oid  ; //*,  Frontal ; Inter 
ptery^joid  vacuity ; j,  .lu^al ; m.r,  Maxilla;  aar,  External  narial  opening; 
tirh.  Orbit  ; pn,  Parietal ; pas,  ParasplienoitI  ; ]dn.  Pineal  foramen  ; pi 
Palatine  ; pnu\  Pnunaxilla  ; prj\  J’refmntal ; ])l,  Pteryiioitl  ; ptnar,  I’os 
terior  nares ; Postfrontal ; pto.  Postorbital;  qj,  Quadrato-ju^al 
7»,  Qmulrate  ; s,  Sui>ratt'nij>oml  vacuity;  satj,  Suranj'ular;  so,  Siib 
orbital  vacuity:  sb  Supratenii>oraI  or  jirosqnainosal  ; sq,  Squamosal 
vomer  (from  WoodwanI,  after  Andrews). 


and  chevron  bones  whose 
right  and  left  halves  do  not 
fuse  below'.  The  abdominal 
ribs  are,  very  robust,  and 
consist  of  a median  and  three 
paired  lateral  series. 

In  the  pectoral  arch  (Fig. 
279)  the  coracoids  are  char- 
acterised by  their  large  size, 
being  considerably  longer 
than  broad,  and  joined  in 
a long  median  symphysis. 
There  is  no  sternum,  and  as  a 
rule  no  separate  interclavicle, 
but  the  clavicular  arch  is 


Ul 


J’lr.siosff  u rug  lntlce.ps,  Owen. 
I.ower  bias;  Dorsetshire.  I’ectoral 
arch,  ventral  as]>ect,  i/io- 
Clavicle;  cor,  (’oracoid  ; irl,  Inter- 
clavicle ; sr,  Scajjula. 


represented  by  a single,  broad,  bilaterally  symmetrical  bone  to  which  the  coracoids  and 
scajtulae  are  tirndy  united.  The  latter  are  somewhat  extended  ventrally  underneath 
the  (da^•icular  arch,  but  do  not  meet  in  the  median  line. 

The  humerus  is  robust  and  distally  much  expanded,  but  wdthout  epicondylar 
foramen  or  groove.  This  bone  and  the  femur  are  noteworthy  as  exhibiting  large, 
conical  epiphy.ses,  similar  to  those  of  frogs  and  certain  Chelonians.  The  radius  and 
ulna  arc  both  a little  longer  than  broad.  Four  elements  are  usually  present  in  the 
proximal,  and  three  in  the  distal  row  of  the  carpus  ; the  five  constricted  metacarpals 
are  similar  in  form  to  the  phalanges.  The  phalangeal  formula  is  inconstant,  but  the 
third  and  fourth  digits  are  always  the  longest,  sometimes  comprising  as  many  as  nine 
jihalanges.  The  hind  limli  differs  in  no  re.spect  from  the  fore,  excejit  that  it  is  slightly 
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stouter.  Probably  both  were  invested  witli  a cartilaginous  membrane,  as  in  Ichtliyo- 
sanrs.  The  pubes  are  relatively  large,  with  convex  anterior  and  notched  posterior 
margin,  but  not  pierced  by  a foramen.  They  meet,  as  do  also  tlie  mucli  smaller  iscliia, 
in  a long  median  symphysis.  Tlie 
ilium  is  slender,  and  articulated  only 
with  the  ischium. 

Several  nearly  perfect  skeletons  of 
Plesiosaurus  are  known  from  the 
Lower  and  Upper  Lias  of  England 
and  Germany,  and  .supposed  fragments 
are  known  from  the  Rhaetic.  The 
typical  species,  P.  dolichodeirus,  Cony- 
beare,  from  the  Lower  Lias  of  Lyme 
Regis,  England,  attains  a total  length 
of  3 m.  Otlier  species  from  the  same 
locality  are  P.  ImivMnsi,  P.  rostratus, 
and  P.  macrocephalus,  Owen  ; and  P. 
conyhearei,  Sollas,  the  latter  sometimes 
attaining  a length  of  5 m.  Beautiful 
skeletons  are  preserved  in  the  British 
and  Berlin  Museums.  Several  North 
American  species  have  been  referred 


to  this  genus. 

Eretmosaurus,  Seeley.  Cora- 
coids truncated  anteriorly,  and  not 
extending  in  front  of  the  glenoid 
cavity  for  the  humerus.  Scapulae 
extending  downward  and  inward 
so  as  to  become  fused  with  each 
other  and  also  with  coracoids  in 
the  median  line.  Clavicular  arch 
degenerate.  Lower  Lias ; Eng- 
land. 

lihomaleosawrus,  Seeley.  It. 
cramptoni,  Carte  sp.  Cohjmhosaurus, 

Miiraenosaurus,  Seeley.  Uppei' 

•Tura  ; England. 

Cri/ptoclidus,  Seeley.  Resembles 
Plesiosaurus,  except  that  the  ribs 
are  all  single-headed,  and  pectoral 
arch  is  like  that  of  Eretmosaurus, 

ElasmosanruiS,  etc.  LTpper  Jura ; 

^ ^ PlKsiosaii rits  doUcIwilrirux,  Coiiyb.  I.nwei'  Lias  : Lyme 

Cimoliasaurns,  Oliqosinvws,  Briuil)-  liegis;  l)or.set.sUire.  skeleton,  ventral  aspeet.  Vim  Wltei- 

T . , h • , L,  , Havvkin.s). 

saurus,  Leidy  ; Fipfornerus,  Oropho- 

saiirus,  Embaphius,  Poh/cotiilus,  Uroiiaufes,  Cope;  Trinacromerii)ii,  Cvtxgin  ; Maui- 
saurus.  Hector.  These  genera  from  the  Upper  Cretaceous  of  North  and  South 
America  and  New  Zealand  are  for  the  most  part  yet  insufficiently  characterised, 
and  include  very  diverse  forms.  The  first-named  is  also  European. 

Pliosaurus,  Owen  (Ischyrodoii,  Thaumatosaurus,  v.  Meyer;  Peloneusfes,  Lydd.; 
Liopleurodon,  Sauv.),  (Fig.  281).  Gigantic' Plesiosaurs  with  relatively  large 
VOL.  II  " 
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head  and  short  neck.  Sknll  depressed  and  narrow,  attaining  a length  of 
1'3  ni.  Internal  nares  remotely  situated,  mandibular  symphj'^sis  considerably 
extended.  Margin  of  ujiper  jaw  on  either  side  with  a series 
of  about  thirty  powerful  carinated  teeth,  sometimes  25  cm. 
the  crown  traversed  for  a portion  of  its  height  by 
elevated  ridges.  About  twenty  very  short  cervicals 
with  double-headed  ribs.  Limb  girdles  similar  to  those  of 
riesiosaiinis.  Lias  to  Upper  Jura  ; England,  Northern  France, 
Switzerland,  Bavaria,  Russia,  and  India. 

Megalneusauriis,  Knight.  Largest  known  Plesiosaur,  the 
humerus  attaining  a length  of  1 m.,  or  about  one-half  the 
length  of  the  entire  fore-limb,  and  articulating  only  with 
the  radius  and  ulna.  The  latter  bones  are  polygonal  and 


closely  ap})lied 


against 


each  other  and  the  three  proximal 


carpals.  Coracoids  produced  in  front  of  the  glenoid  cavity 


elongated. 


Upjier  Juni 


ra 


Wyoming. 


M.  rex, 


lacking  the 


Pliosouru.-i  ijrantlfs, 
Kimmt'rid- 
Dorsetsliin*. 
1/4  (lifter 


^iaii ; 
Tooth 

( )\Vfll). 


vertebrae 
Kniiiht. 

Elasmosaunis,  Cope  (Fig.  282).  A skeleton  in  Philadelphia 
head  exceeds  13  m.  in  length.  The  seventy-two 
cervicals  are  longer  than  deep,  and  bear  short,  single-headed 
ribs.  The  neural  arches  are  all  fused  with  their  centra,  but 
the  chevron  bones  are  articulated  with  the  caudals.  Pectoral 
arch  similar  to  that  of  Criiplodidus.  Limbs  and  greater  part 
of  the  skull  unknown.  Upper  Cretaceous ; Kansas. 

Dolirhorhi/nchus,  AVillist.  Head  long,  snout  very  slender; 
mandibular  symphysis  much  elongated;  teeth  small,  numerous; 


vomers  very  long ; posterior 
vomer  and  pala- 
tines ; no  posterior  palatine  fora- 
mina ; pterygoids  contiguous  only 

than 


& 

nares 


small,  included  between 


single-headed 


at  extremities.  Neck  shorter 
head  ; cervical  ribs 
axis  with  ril)s ; nineteen  cervicals 
and  about  thirty  dorsals  are  pre- 
sent ; tail  very  short,  conical. 
Clavicular  arch  complete,  the 
clavicles  articulating  with  the  long 
precoracoidal  process.  Ischium 
elongate.  Humerus  and  femur 
moderately  expanded ; three  pro- 
podials.  Known  by  a nearly  com- 
j)lete  skeleton  about  3 m.  in  length 
from  the  Niobrara  Cretaceous  of 
Kansas. 

Pohjptychodon,  Owen  (Fig.  283). 
Imperfectly  known,  teeth  resembl 
prominent  coronal  ridges,  some  of 


Kir,. 

Klnsmosfuirus  jtlotifunis, 

U))pHr  Cn-tacpous ; Kansa.‘<. 
Pectonil  arch,  sliaded  parts 
rHstori*<l  ; j;n*atly  retluced.  ror, 
Coracoid  ; sc,  Scai>ula  (after 


}*(Ay}ttifi'hoiJon  inter- 
rupt us,  Owen.  Ceno* 
rn  a Ilian;  Kelli  eim 
Bavaria.  Tooth,  i/j. 


Ujijier  Cretaceous  ; England,  Germany,  and  Russia. 


:ng  those  of  rUosaurus,  but  with  more 
which  extend  to  the  apex.  Middle  and 
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Orders.  THEROMORPHA.  Cope.  {Anomodontia,  'iieelQj,  non 

Primitive  land  reptiles  with  more  or  less  biconcave  vertebrae  ami  limbs  adapted  for 
habitual  support  of  the  body.  Investing  bones  of  temporal  region  either  forming  a 
continuous  shield  or  contracting  info  a single  broad  ccrcade,  sometimes  irregulaiii/ 
perforated.  Quadrate  fixed,  often  reduced  in  size.  Pineal  foramen  present.  Teeth, 
thecodont,  occasionally  wanting.  Pectorcd  arch  with  well -developed  epicoracoids 
{precoracoids),  clavicles,  and  T-shaped  interclavicle,  besides  scapulae  and  coracoids. 
All  the  elements  in  both  limb  girdles  either  fused  or  immovably  united  by  suture. 
Humerus  with  entepicondylar  foramen  and  prominent  delto-pectorcd  crest.  Extremities 
pentadactylcde.  Sacrum  consisting  of  two  to  six  vertebrae  ; anterior  ribs  completely  or 
imperfectly  double-headed,  abdominal  ribs  wanting. 

Many  widely  dissimilar  characters  are  exhibited  by  the  various  groups  of 
ancient  reptiles,  which  have  received  the  general  designation  of  Theromorpha, 
in  allusion  to  their  resemblance  in  certain  skeletal  peculiarities  to  the  lowest 
mammals  {Monotremata).  They  are  also  often  called  Anomodonts,  on  account 
of  their  remarkable  dentition.  There  can  be  no  doubt  that  these  creatures 
occupy  an  intermediate  position  between  the  highest  Labyrinthodonts,  such  as 
Mastodonsaurus,  and  monotreme  mammals  j and  it  is  altogether  probable  that 
from  amongst  some  of  their  number  with  one  robust  zygomatic  arch  and 
triconodont  teeth,  the  Mammalia  arose. 

Theromorphous  reptiles  represent  not  only  a transitional  stage  between 
mammals  and  amphibians,  but  they  form  a collective  group,  uniting  in  them- 
selves characters  that  are  elsewhere  found  distributed  amongst  various 
subdivisions  of  both  reptiles  and  mammals.  No  other  reptilian  order  has 
the  three  elements  of  the  pelvic  arch  on  each  side  fused  into  an  innominate 
bone,  as  in  mammals.  The  intimate  union  of  the  bones  of  the  pectoral  arch  is 
paralleled  among  the  Salamandridae  and  Sauropterygia  ; and  the  sacrum,  formed 
sometimes  of  a number  of  vertebrae,  resembles  that  of  Dinosaurs  and  mammals. 
The  differentiation  of  the  marginal  teeth  into  incisors,  canines,  and  molars,  and 
the  occasional  development  of  a strikingly  mammalian  form  of  limb  {Therio- 
desmus)  and  a tripartite  or  even  dicondylic  basiocciput  {Cynognathus),  are 
significant  characters.  A distinguishing  feature  between  this  order  and 
Squameda  is  the  fixation  of  the  quadrate ; and  the  absence  of  a lateral 
temporal  vacuity,  with  an  arcade  above  and  below,  distinguishes  it  from  all 
other  Archosauria  (Rhynchocephalians,  Dinosaurs,  Crocodiles,  and  Pterosaurs). 

The  term  Anomodontia,  although  restricted  by  Owen  to  the  group  of 
Dicynodonts,  is  made  synonymous  by  some  authors  with  Theromorpha,  or 
Theromora,  as  they  are  sometimes  called. 

^ Literature  : 

Cope,  E.  I).,  The  Reptilian  order  Cotylosauria  (Proc.  Amer.  Phil.  Soc.  vol.  XXXIV.  p.  4-36),  1896. 
— Ibid.  vol.  XXXV.  (1896),  p.  122. — Neioton,  E.  T.,  Some  new  Reptiles  from  the  Elgin  Sandstone 
(Phil.  Trans,  vol.  CLXXXIV.  p.  436),  1893. — Owen,  li..  On  Dicynodon  (Trans.  Geol.  Soc.  vol.  Vll. 
p.  59),  1845. — On  some  Reptilian  fossils  from  South  Africa  (Quar.  Journ.  Geol.  Soc.  vol.  XVI.  p.  49), 
I860.— vols.  XXXII.  (1876),  p.  95  ; XXXVI.  (1880),  p.  414  ; XXXVII.  (1881),  p.  261  ; and 
XL.  (1884),  p.  146. — On  Dicynodout  Reptiles  (Phil.  Trans,  vol.  CLII.  p.  442),  1862. — Catalogue  of  the 
fossil  Reptilia  of  South  Africa  in  the  British  Museum.  London,  1876. — Seek;/,  II.  G.,  Researches 
on  the  Anomodout  Reptiles  and  their  allies  (Phil.  Trans,  vol.  CLXXIX.  p.  59),  1888. — Ibid.  vols. 
CLXXX.  (1889),  p.  215  ; CLXXXIII.  (1892),  p.  311  ; CLXXXIV.  (1893),  p.  488  ; CLXXXV.  (1894), 
p.  987  : and  CLXXXVI.  (1895),  p.  59.  Also  Ann.  Mag.  Nat.  Hist.  [7],  vol.  i.  (1898),  p.  164,  and 
Quar.  Journ.  Geol.  Soc.  vol.  LVI.  (1900). 
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Sub-Order  I.  PAREIASAURIA.  Seeley.  {Cofylosauriu,  Coiic.) 

Head  complete}  n covered  hi/ a honi/  roof ; parietal  foramen  large;  narial  openings 
separate.  Marginal  teeth  arranged  in  a more  or  less  uniform  series.  Vertebral 
centra  pierced  for  the  persistent  notochord. 

The  skeletal  characters  of  this  group  proclaim  a very  close  relationship 
with  the  higher  Lahyriiithodont  Amphibians.  In  the  typical  genus,  Pareia- 
sanrus,  the  external  l)ones  of  the  skull  are  sculptured,  but  no  true  mucous 
canals  have  been  observed. 

Family  1.  Pareiasauridae.  Cope. 

Teeth  conical,  or  icith  compressed,  cuspidate  crown,  those  on  the  margin  of  the  jaws 
arranged  in  close  regular  series.  Smaller  teeth  usuallg  present  on  palatines,  pten/goids, 
and  vomers.  Pelvic  hones  fused  in  the  adult.  Limhs  short  and  stout.  Permian 
and  Trias. 

Pareiasaurus,  Owen  (Pig.  284).  Known  by  toleral)ly  complete  .skeletons 
over  2'r)  m.  long  from  >South  Africa  and  Northern  Russia.  Skull  l>road, 
depressed,  and  trianguhu'  in  form,  the  external  bones  coarsely  sculptured,  but 
their  sutures  not  clearly  distinguishable.  Orbits  relatively  small,  laterally 


Kio.  2S4. 

}'<irciasoiii'(i.-f  hninly  Sprlcy.  Karoo  Foniialion  (Fermian  or  I'rias);  ranibor  Fontclii,  Cape  Colony. 

Skeleton  : i/op  (after  Seeley). 


placed.  Occipital  condyle  slightly  indented.  Pones  of  the  ]>alate  fused,  and 
bearing  several  sei’ies  of  small  teeth.  There  are  about  eighteen  presacral 
vertelirae,  each  with  a deepened  articulation  for  the  single-headed  ribs. 
.Small  intercentra  occur  between  all  the  dorsal  vertebrae;  the  four  sacrals 
are  not  fused.  About  thirty  caudal  vertebrae,  the  anterior  ones  with  short 
ribs,  and  nearly  all  with  neural  arches  and  chevron  bones.  >Sca})ula  very 
long,  like  that  of  Dinosaurs.  Coracoid  small  and  subrectangular,  epicoracoid  i 
narrow  and  triangular  ; clavicles  robust,  meeting  in  the  middle  line  and  resting  ^ 
on  the  front  border  of  the  large  T-shaped  interclavicle.  A supraclavicle  also  i 
said  to  be  present  on  each  side.  Humerus  short,  massive,  expanded  at  the  i, 
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ends  ; epicoiidylar  foramen  not  observed.  Ulna  very  stout,  Avith  prominent 
olecranon  process.  Pelvic  bones  massive,  cobssitied ; acetabulum  closed. 
Hind  limb  slightly  shorter  than  the  fore,  and  digits  rather  smaller  ; the  hve 
ungual  phalanges  clawed.  P.  homhif rons,  P.  serridens.  Owen  ; P.  haini,  Seeley. 

? Tapinocephalus,  Anthodon,  Owen.  Karoo  Formation;  South  Africa. 

Elginia,  Newton.  KnoAvn  oidy  by  the  skull,  which  is  about  15  cm.  long, 
triangular,  coarsely  sculj)tured,  and  })i'ovided  with  a number  of  jraired  bosses 
and  spinous  or  horn-like  defences.  These  occur  alojig  the  posterior  and  lateral 
margins,  and  on  the  parietal,  frontal,  and  nasal  elements.  Teeth  with  slightly 
constricted  base  and  serrated  crowns.  Su})posed  Trias  of  Elgin,  Scotland. 

Procologdion,  Owen  (Fig.  285).  Skull  about  5 cm.  long,  short  and  tri- 
angular, not  externally  sculptured.  Orbits  greatly  eidarged,  and  temporal 


Fig.  285. 

Proi-oloiiliuii,  trigohiceps,  Owen.  Kmoo  Fonii.itioii  {Permian  or  Tiias) ; Suutli  Africa.  Hesturatioii  of  skull 
from  superior  (A),  inferior  (/;),  ami  l.ateral  (C)  aspects,  also  [lart  of  the  pectoral  arch,  slightly  reiluced.  ac, 
Glenoid  cavity  for  humerus  ; hs,  Basisphenoid  ; co,  Coracoid  ; f.'cpt,  Ectojiterygoid ; cpco,  Ejiicoracoid  ; /, 
Frontal ; icf.  Interclavicle  ; ipf.  Interpterygoid  vacuity  ; .Jugal ; I,  Lachrymal  ; /tf.  Lateral  temporal  vacuity  : 
md,  Mandible  ; i/u;,  Alaxilla  ; na,  Nasal ; nar,  Anterior  nares  ; or!>.  Orbit ; p,  Downward  ectopterygoid  process  ; 
pa,  Parietal  ; pin,  Pineal  foramen  ; p/.  Palatine  ; jmir,  Preinaxilla  ; prf,  Pi-efrontal ; pt,  Pterygoiil ; pfno,  Pos- 
terior nares;  Postfrontal ; p<o,  Postorbital ; Quadrato-iugal  ; r;i(,  Quadrate  ; sL  Suprateniporal  or  pro- 
sqnamosal ; sg,  .Squamosal ; r,  Vomer  (from  A.  S.  Woodward). 

arcade  pierced  by  a slight  vacuity.  Teeth  conical ; a series  of  minute  teeth 
present  on  vomer  and  pterygoids.  Interclavicle  T-shaped,  Avith  elongated 
arms;  epicoracoid  notched.  Karoo  Formation ; South  Africa. 

Arisfodesmus,  Seeley.  LoAver  Trias;  Stvitzerlaud.  ? Phanerosaurus,  v.  IMeyer. 
Permian ; Saxony. 

Family  2.  Pariotichidae.  Cope. 

Teeth  in  more  than  one  series  in  one  or  both  jaivs,  and  with  cylindrk  roots  .■ 
vertehrae  ossified.  Permian. 

OtocoeJus,  Cope.  Skull  about  12  cm.  long,  externally  sculjitured,  but 
AAuthout  bosses.  Dorsal  carapace  consisting  of  a series  of  tAvelve  or  more 
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transversely  elongated  bands  of  bone  alternating  with  the  ribs.  Permian  ; 
Texas.  0.  fesludineus,  Cope. 

rariofkhns  (Edori/nudon),  Isodecfes,  Panfi/lus,  llypopaous,  Cope.  Texas. 
Family  3.  Diadectidae.  Cope. 

^Inferior  feeth  ohtasd//  conical,  the  oilier  marginal  feeth  laterallg  expanded,  with 
tumid  liases  and  inner  and  aider  cusps  of  unequal  height.  Vomer  with  minute  teeth. 
Basioccipital  looselg  articulated.  Permian. 

Vmpedias,  Co})e  {Empedocles,  Cope).  Sknll  triangular,  50  cm.  long.  Sacrum 
of  two  vertelu'ae  ; pelvic  bones  fused.  Permian  ; Texas. 

Eiadedes,  Chilongx,  Bolhoden,  Cope.  Permian  ; Texas. 


Sub-Order  2.  THERIODONTA.  Owen.  {Cgnodontia,  Owen.) 


Inresting  hones  of  temporal  region  cunfrading  info  a single  Irroad  arcade,  sometimes 
irregularlg  perforated  ; supralemporal  racuifg  large,  cpiadrate  small.  External  hones 
not  sculptured.  ' Occipital  condgle  hilohafe ; qiremaxillae  separate;  marginal  teeth 
differentiated  info  incisors,  canines,  and  molars.  External  nares  terminal,  separate, 
or  undivided ; internal  openings  displaced  hachcards,  owing  to  development  of  secondary 
palate. 


Pt 


The  sknll  of  Theriodonts  is  remarkably  similar  in  form  to  that  of  car- 
nivorous mammals,  and  the 
dentition  exhibits  modifica- 
tions nnusual  among  reptiles. 
The  mandible  bites  within  the 
u])])er  jaw,  and  the  lower 
canines  cross  in  front  of  the 
u])])cr  as  in  mammals.  Owing 
to  the  development  of  a 
secondary  or  false  palate  by 
])lates  fi'om  the  maxillae  and 
palatines,  the  opening  of  the 
internal  nares  on  the  roof  of 
the  month  is  displaced  back- 
ward, as  in  crocodiles  and 
mammals.  An  a})proach  to 
the  dicondylic  condition  of 
the  mammalian  skull  is  also 
frequently  observed.  The 
skeleton  of  the  trunk  and 
limbs  is  imperfectly  known. 


B6  Pa 


GuU .mfu rus  pldiilcfp.'t,  ()\v«*n.  Kriroo  Koniialioii  ; Hasuloland. 
Snutli  AIYica.  Skull,  sli;;htly  rcston-d,  from  lateral  (/I),  palatiil 
(/;),  au<l  sup»*rior  (C)  a.spects,  1 Jt.  I’osterior  tootli,  enlarp'fl. 
ff.  Orbit:  h(\  basiofcjpiUil  ; I'h,  Posterior  nares:  fr,  KronUil : vvf, 
Mamlibb*;  ,n.r.  Maxilla:  X,  Anterior  iiaiial  <)i)ening  ; n(t,  Xasiil  ; 
fxt.  Pariftal  : i>rj\  I’refnmtal ; p/,  Pterygoid  (after  Owen). 

openings  con  fluent  or  separated  ; limh  hones  slender. 


F'aniily  1.  Galesauridae. 
Lydekker. 

Palatal  teeth  insignificant 
or  wanting ; external  narial 
Trias. 


Galcsanrus,  Owen  {Xyfhosaurus,  Owen),  (Fig.  286).  Known  oidy  by  the 
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skull,  which  is  less  than  10  cm.  long,  and  has  the  nares  divided  l)y  a median 
septum.  Four  incisors  above  and  three  below,  with  one  canine  and  a number 
of  tricuspidate  molars  in  each  jaw.  Karoo  Formation;  South  Africa. 

Lycosaurus,  Owen  (Fig.  287).  Like  the  preceding,  except  that  the  molar i- 
form  teeth  are  all  simple  cones,  though  more  or  less  compressed  and  with  tinely 
serrated  edges.  There  are  about 
five  of  them  on  each  side  above 
and  below.  Karoo  Formation  ; 

South  Africa. 

Aelurosaurus,  Owen.  Dift'ers 
from  Lycosaurus  in  having  small, 
pointed  teeth  irregularly  grouped 
on  anterior  half  of  the  palate. 

Same  horizon. 

Cynognathus,  Seeley.  Skull 
remarkably  mammalian  - like, 
about  40  cm.  long,  with  diA'ided 
nares  and  two  prominent  convex 
condyles  belorv  the  foramen 
magnum,  composed  chiefly  of 
the  exoccipitals.  There  are 
four  serrated  incisors  in  the 
upper  and  three  in  the  lower  jaAv  ; and  one  canine  and  nine  molars  above 
and  below  on  each  side.  Six  cervicals,  eighteen  dorsals,  fiAm  lumbars,  and 
three  or  four  sacrals.  Accompanies  the  preceding.  C.  crateromius,  Seeley. 

Cynochampsa,  Cynodraco,  Cynosuchus,  Gorgonops,  Tigrisuchus,  OAven.  Founded 
on  more  or  less  imperfect  remains  from  the  Karoo  Formation  of  South  Africa. 


Lycosaurvs  curvimola,  Owen.  Karoo  Formation  ; Kugaberp,, 
Ca])e  Colony.  Sbull,  lateral  aspect,  Orbit;  h.  Mandible 

(after  Owen). 


Family  2.  Deuterosauridae.  Seeley. 

Canines  large,  with  serrated  anterior  and  posterior  margins ; no  pialatal  teeth. 
Sacrum  of  two  anchylosed  vertebrate.  Bibs  double-headed.  Scapula  flat ; ilium  not 
produced  anteriorly  ; acetabulum  closed.  Permian;  Russia. 

Deuterosaurus,  EichAv.  Skull  Avith  a median  crest ; incisors  large  and 

transversely  compressed.  Lachrymals  greatly  developed  ; quadrate  large  ; 

scapula  distally  expanded. 

Bhopalodon,  Fischer.  Like  the  preceding,  but  Avith  serrated  incisors,  and 
lanceolate  molars  behind  the  canines.  Supratemporal  vacuity  very  small ; 
sclerotic  ring  present.  . 

The  fragmentary  remains  described  as  Brithopus,  Orthopus,  and  Syodon  by 
Kutorga,  and  Diiiosaurus  by  Fischer,  are  probably  identifiable  Avith  the  above 
genera,  which  they  accompany.  Cliorhizodon,  TAvelvetrees,  is  of  uncertain 
position. 

Family  3.  Tritylodontidae.  Cope. 

Snout  broad  and  obtuse.  A pair  of  large  incisors  or  canine-like  teeth  in  front, 
apparently  groioing  from  a persistent  pulp.  Molariform  teeth  hearing  two  or  three 
longitudinal  series  of  tubercles.  Posterior  nares  remote,  and  roofed  over  by  secondary 
palate.  Quadrate  reduced.  Trias. 
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This  family  is  regarded  by  Seeley  as  typical  of  a distinct  order  of  reptiles, 
(kiiiiphodouiia,  and  ancestral  to  mammals. 

Trifi/Iodon,  Owen  (Fig.  288).  Known  l)y  small,  decidedly  mammalian-like 


Fill.  i;S8. 

Tnijthiilon  hiniiarciis,  Ow.'ii.  Trias;  Talia-cliow,  Basiitolaijil,  Soiitli  .M'rica. 
Skull  from  superior  ami  |alatal  aspeels,  T.,  (after  Owen). 


crania.  Karoo 
Formation;  South 
Africa. 

(T(»iiphu[inathiis, 
Diadcmodon,  Mi- 
crogomphodon.,  Tri- 
rar.hodon,  Seeley. 
The  first- named 
has  ii  double 
occipital  condyle. 


fk!.  -isa. 

Tr\{fhjph  us  fronxi^ 
Lyd.  Upper  Trias; 
Hohenheiiu,  Wiirtein- 
ber^.  Upper  molar, 
l/l  and  -/i  (after  Fraas). 


and  its  single  zygomatic  arch  resembles  that  of  mammals.  Thcriodesinns, 
Seeley,  is  known  by  ;i  reimirkably  mammalian-like  fore-limb  and  maims. 
Karoo  Formation  ; South  Africti. 

Fratis  (Fig.  289).  Known  only  by  minute  teeth  from  the  Upper 
Tritissic  fSone-bed  of  flohenheim,  netir  Stiittijart. 

Sub-Order  3.  ANOMODONTIA.  Owen.  (Dirifiiodoidid,  Owen.) 

Lursting  hones  of  iempond  region  contracting  into  a single  broad  arcade,  formed 
prinrijndig  1)1/  the  e nor  mo  ushj  developed  sqnamosal.  Externa]  bones  not  sculptured  ; 
snpratemporal  vacnitg  large;  quadrate  smatl ; premaxillae  fused;  external  narcs 
separated,  .laivs  ederdidous,  or  ivitli  a single  /niir  of  tusk-lihe  teeth  in  the  maxillae 
set  in  deej)  alveoli  ami  growing  from  pnirsistent  p>id/)s.  Cervical  Hbs  double-headed, 
dorsal  single-headed.  Sacrum  of  fire  or  six  vertebrae. 

The  Anomodonts  or  Dicynodonts  are  mostly  large  terrestrial  reptiles  of 
Tria.-sic  age,  of  which  no  complete  skeletons  htive  yet  been  discovered,  but 
numerous  crania,  vcrtebrtie,  and  other  frtigments  are  known  from  South  Africa, 
East  India,  Ural,  and  Scothind. 

The  vertebiid  column  consists  of  seven  or  eight  cervical,  twelve  or  thirteen 
dorsal,  fi  ve  01'  si.v  sacral,  and  about  twenty  caudal  vertebrae.  The  centra  are 
short  and  slightly  amphicoelous.  Double-headed  ribs  are  borne  by  the  cervical, 
and  single-headed  ribs  by  the  dorsal  vertebrae.  The  cranial  sutures  (Pb'g.  290) 
are  frequently  ob.scure  and  difficult  to  determine,  d’he  brain  cavity  is  very 
small  and  the  surfaces  for  attachment  of  the  muscles  of  the  jaw  unusually 
large.  On  either  side  of  the  upright  occiput  is  an  enormously  developed 
squamosal,  which  forms  the  greater  part  of  the  single  temporal  arcade,  and  is 
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fused  Avith  the  small  quadrate  below.  A foramen  is  enclosed  by  the  parietals, 
which  are  small,  and  sometimes  much  reduced.  The  frontal  and  prefrontal 
form  the  superior  border  of  the  orbit,  and  the  maxilla,  lachrymal,  and  pre- 
frontal the  anterior.  The  orbits  are  laterally  placed  in  about  the  middle  of 
the  skull,  and  in  one  genus  (Ffi/chognathus)  traces  of  a sclerotic  ring  have  been 
observed.  A narrow,  curved  bar,  the 
postorbital,  separates  the  orbit  from 
the  supratemporal  vacuity,  and  the 
lower  orbital  boundary  is  formed  by 
the  maxilla  together  with  a very 
massive  jugal. 

The  nasals  are  steeply  inclined 
toward  the  front,  and  form  with  the 
unpaired  premaxilla  a sometimes  elon- 
gated rostrum.  Small  internasals  are 
occasionally  jAresent  below  the  anterior 
nares,  rvhich  are  placed  laterally  at  the 
junction  of  the  nasals,  lachrymals,  and 
premaxillae.  The  oral  border  of  the 


B 


Fig.  2!i0. 


Ptuchoiiiiatlnis  drrJii'i.c,  Owen.  Karoo  Formation;  Klieuosterberge,  Capu  Colony.  Skull  from  lateral  (J). 
superior  (/>’),  and  posterior  (C)  aspects,  l/ii-  -4,  Orbit;  cnig,  Angular;  bo,  Jiasioccipital ; c,  Maxillary  tusk;  d. 
Dentary;  exo,  Exoccipital ; /r,  Frontal;  ju.  Jugal;  mx.  Maxilla;  N,  External  narial  opening;  no.  Nasal; 
Parietal;  pmx,  Preniaxilla;  prf,  Prefrontal;  ptf,  Postfrontal;  qu,  Quadrate;  so,  Siipraoccipital ; sq,  Siiuamo.sal 
(after  ()wen). 


latter  forms  a sharp,  cutting  edge,  and  was  probably  sheathed  during  life  of 
the  animal  by  a corneous  layer,  as  in  Chelonians  and  Aves.  A pair  of 
poAverful,  decurved,  tusk-like  teeth,  one  on  each  side,  is  developed  by  the 
maxillae,  and  the  deep  alveoli  in  Avhich  they  are  seated  are  indicated  by  an 
external  folding  of  the  plate.  Even  among  toothless  forms  ah^eoli  are  present, 
but  are  occupied  by  osseous  substance. 

The  basioccipital  is  short  and  takes  part  in  the  occipital  condyle.  In  front 
of  it  on  the  loAver  side  (Fig.  291)  is  placed  a subrectangular  basisphenoid  Avhich 
joins  the  very  large  pterygoids.  The  latter  meet  in  the  middle  line,  but  leave 
a small  interpterygoidal  vacuity  behind  the  narroAv  vomer.  The  backAvardly 
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directed  internal  nares  are  scarcely  if  at  all  covered  by  a secondary  develop- 
ment of  the  palatine  plates.  The  mandible  is  withont  a coronoid  process,  and 
the  rami  are  fused  at  the  symphysis.  Their  oral 
borders  are  sharp,  and  were  proliably  once  encased 
in  horn. 


Pmx: 


Mx: 


Via.  201. 


Fk;.  202. 


Dicifiioihi/i  Owen.  Karoo  Formation;  Fort  Beaufort,  Cape  Dicynndon  ]>ardiccps,  Owen, 

l.’olony.  I’ukital  aspect  of  skull,  */4-  Basioccipital ; r,  Maxillary  tusk  Anterior  aspect  of  humerus,  1/4* 
(fractured);  j?/,  .Ju^al  ; vu\  Maxilla;  pm.i,  Bremaxilla  ; ]/l.  Palatine;  pf,  Uello-pectoral  rid;;e ; c,  Entepi- 
I*terygt>i<l  ; r/a,  (^mnlratc  (after  ( )wen).  comlylar  foramen  (after  Owen). 


The  scapula  is  a very  long  bone,  similar  to  that  of  Monotreme  mammals. 
It  bears  an  acromial  ])rocess  and  is  attached  by  its  proximal  end  to  the  cora- 
coid and  epicoracoid.  The  humerus 
is  short  and  excessively  stout,  with 
an  entepicondylar  foramen  ; ulna 


Isch 


Kio.  -J'.M. 


Fii:. 

Eurynirpus  neve?,  Seeley.  Karoo 
Formation  ; Schneeber^'kette,  Tape 
(,'olony.  lA'ft  ff>re-limb  with  imj)ression 
of  ilermal  covering,  1,3  (after  Owen). 


j’lidjipodosaiiru.'i  rohustu.^,  ( )wen.  Karf>o  Forma- 
tion ; Cajje  Colony.  Ventral  aspect  of  sacrum  and 
right  half  of  ]ndvis.  il,  Ilium  ; isch,  Ischium  ; 
o.  Obturator  foramen:  pn,  Pubis;  — s^,  Sacral 
vertebrae. 


and  radius  are  separated.  In  the  pelvic  arch  the  three  elements  of  each  side 
are  fused  into  an  innominate  bone  which  joins  its  fellow  in  a median 
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symphysis.  The  femur  and  crus  are  somewhat  longer  than  the  corresponding 
bones  of  the  fore-limb. 

Dicijnodon,  Owen  (Figs.  291,  292).  Skull  attaining  a length  of  0'5  m. 
Transition  from  parieto-frontal  to  nasal  region  gradual ; maxillae  with  a pair 
of  tusk-like  teeth.  Abundant  and  represented  by  over  a dozen  species  in  the 
Karoo  Formation  of  South  Africa. 

Oudenodon,  Owen.  Like  the  preceding,  but  toothless ; possibly  referable 
to  females  of  Dicynodon. 

Ptychognatlms,  Owen  {Lystrosaurus,  Cope),  (Fig.  290).  Frontal  and  nasal 
regions  sloping  at  a sharp  angle  from  top  of  the  skull.  Smaller  than 
Dicynodon,  which  it  accompanies. 

Gorclonia,  Newton.  Form  of  skull  similar  to  Dicynodon,  but  much  smaller, 
with  more  delicate  bones  and  diminutive  teeth ; premaxilla  nearly  vertical. 
Supposed  Trias  of  Elgin,  Scotland. 

Geikia,  Newton.  Resembling  Ptychognatlms,  but  toothless.  Elgin  Trias. 

Eurycarpus,  Seeley  (Eig.  293);  Keirognatlms,  Seeley;  TheriognatJms,  Titano- 
suchus,  Platypodosaurus  (Fig.  294),  Owen.  All  founded  on  fragmentary  remains 
from  the  Karoo  Formation  of  South  Africa. 


Sub-Order  4.  PLACODONTIA.  von  Meyer.  ^ 

Bones  of  temporal  region  forming  a single  broad  arcade  ; supratemporal  vacuity 
large,  opening  superiorly;  orbits  and  external  nares  laterally  placed;  the  latter 
separate  and  remote.  Palate  with  a paired  longitudhial  series  of  pavement  teeth,  and 
similar  ones  present  in  single  series  on  the  dentary.  Anterior  teeth  alove  and  below 
cylindro-conical ; maxillae  with  a series  of  depressed,  conical,  or  molariform  teeth. 

Placodonts  are  remarkable  for  their  peculiarly  modified  dentition,  which  is 
unparalleled  among  reptiles.  The  pavement-like  crushing  teeth  of  the  palate 
and  lower  jaw  attain  considerable  size,  and  exhibit  flat  or  slightly  arched 
crowns,  usually  dark -coloured,  and  smooth  or  finely  wrinkled.  They  are 
replaced  by  successional  teeth  developed  beneath  them. 

The  skull  is  similar  in  form  to  that  of  Dicynodonts  and  certain  Therio- 
donts  ; and  as  in  these  groups  the  temporal  and  jugal  arches  unite  to  form  a 
single,  broad,  bony  arch  across  the  postero-lateral  region  of  the  cranium.  The 
quadrate  is  fused  with  the  squamosal  and  jugal,  and  exposes  a prominent 
transverse  condyle.  On  the  under  side  the  palatines  and  pterygoids  unite  to 
form  an  extensive  bony  palate  for  the  support  of  the  pavement  teeth.  The 
internal  nares  are  placed  far  forwards,  but  the  external  openings  and  orbits 
occupy  similar  positions  to  those  in  Dicynodon.  Of  the  rest  of  the  skeleton 
nothing  is  known.  The  detached  teeth  were  for  a long  time  confounded  with 
fishes,  until  their  reptilian  nature  was  demonstrated  by  Owen.  All  the 
remains  are  from  the  marine  Trias  of  central  Europe. 

Placodus,  Agassiz  (Figs.  295,  296).  Skull  not  much  longer  than  broad, 
superiorly  arched,  the  snout  somewhat  produced.  Premaxillae  and  symphysis 
of  lower  jaw  with  cylindro-conical  incisors.  On  either  side  of  the  palate  and 

’ Literature  : 

Meyer,  H.  von,  Unterkiefer  von  Placodus  andriaui  (Palaeoutogr.  vol.  X.  p.  59),  1862. — Ibid.  vol. 
XL  186-3. — Miinster,  O.  von,  UeLer  einige  ausgezeiclmete  fossile  Fischzaliiie  aus  dem  Musclielkalk 
bei  Bayreuth.  1830. — Ueber  Placodus  rostratus  (Beitrage  zur  Petrefaktenkuiide,  pt.  4),  1813. — 
Owen,  R.,  Description  of  the  .skull  and  teeth  of  Placodus  laticeps  (Phil.  Trans,  vol.  XLIX.),  1868. 
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on  the  (lentriiy  are  three  large  rectangular  pavement  teeth  ; maxillae  with  a 
single  series  of  depressed,  conical  teeth.  Detached  teeth  are  abundant  in  the 
•Muschelkalk  of  Southern  Germany  and  France,  rare  in  the  Wellendolomite 
and  Alpine  Keuper. 

''jlinnoihis,  v.  Meyer.  Skull  triangular,  snout  much  compressed.  Supra- 
temporal  vacuity  elongated  oval,  nearly  three  times  as  large  as  the  orbits. 


I'  Ki.  'J'.O. 

I’liinidiis  A;;.  .Miisclielk.alk  ; nayreiitli, 

(JiTiiiaiiy.  A,  I'alatal.  and  11,  sn]icrior  asp'nct.s  of 
skull.  l/,j.  C',  Oral,  and  h,  lateral  asiiects  of  inan- 

dihle.  1 


I'lo.  ‘I'M. 

I'lffrodiis  \'.  Moyer.  ^Inselielkalk  ; nayi'<*nlli,  Gernian>‘. 

Lateral  asjject  ol  skull,  l/,,.  ,1,  Orbit  ; .V,  Kxt(*rnal  narial  onenin^r 

(after  von  Meyer). 


which  are  placed  in  anterior  third  of  the  skull.  Anterior  nares  small, 
separate,  nearly  tenninal.  On  either  side  of  the  palate  are  placed  two  or 
three  rounded  or  elliptical-crushing  teeth,  the  hindmost  at  least  twice  the  size 
of  the  anterior.  Muschelkalk  ; Davaria.  O.  rnsfrotus,  IVTiinster  S]>. 
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Range  and  Distribution  of  the  Theromorpha. 


Divisions. 

Permian. 

Trias. 

Europe. 

X.  America. 

Europe. 

S.  Africa. 

I.  PAIlEI.tSAURIA. 

1.  Pareiasauridae  . 

2.  Pariotichidae 

3.  Diaxlectidae 

II.  Theriodoxtia. 

1.  Galesauridae 

2.  Deuterosauridac 

3.  Tritylodontidae  . 

III.  Axomodoxtia 

IV.  Placodontia 

(Ural  ?) 

Order  6.  CHELONIA.  {Testudinata.) 

lleptiles  of  stout  and  wide  form  of  body,  encased  in  a more  or  less  complete 
bony  shell.  Quadrate  immovably  united  to  the  cranial  arches.  Jaws  toothless,  but 
covered  with  horny  sheaths  ; premaxillae  very  small,  palate  comj)letely  closed  by  junction 

^ Literature  : 

Baur.  6r. , O.steologische  Xotizeu  iiher  Reptilien  {Zool.  Aiiz.  vol.  IX.  Xo.  t!38),  1S86.- -////V 
vol.  XI.  (1888),  pp.  417,  592  ; and  vol.  XII.  (1889),  p.  40.— Notes  on  .some  little  known  Anieriean 
fo.ssil  Tortoises  (Froc.  Acad.  Xat.  Sci.  Philadelphia,  p.  411),  1891.- -Benierkuiigen  iilier  die  Pliylo- 
genie  der  Sclnldkniten  (Anat.  Anz.  vol.  XII.  p.  561),  1896. — Biiidenger,  G.  .1.,  Catalogue'  of 
Chelonians  in  the  British  Museum.  London,  1889. — Case,  E.  (J..  On  the  o.steology  ami  relationships 
of  Protostega  (Journ.  Morph,  vol.  XIY.  N'o.  1),  1897. — Cape,  K.  1).,  The  Reptiles  of  the  American 
Eocene  (Amer.  Nat.  vol.  XVI.  p.  979),  1882. — IMd.  vol.  XXX.  p.  398,  1896. — Dames,  IF..  Die 
Chelonier  der  norddeutscheii  Tertiarforination  (Palaeout.  Abhaudl.  Dame.s  und  Kayser,  vol.  VI.), 
1894. — Dollo,  L.,  Note  sur  les  Chelonieus  de  Bernissart  (Bull.  Mus.  Roy.  d’Hist.  Xat.  Belg.  vol.  III. 
p.  63),  1884  : ihid.  vol.  IV.  (1886),  pp.  69,  129  ; and  ibid.  vol.  V.  (1888),  p.  59. — On  the  humerus 
of  Euclastes  (Geol.  Mag.  [3],  vol.  V".  Xo.  6),  1888. — Fraas,  E.,  Proganochelys  Quemstedtii  Baur 
(Jahresh.  Vereins  Xaturk.  Wtirtb. ),  1899.  — Grajj,  J.  E.,  Notes  on  the  families  and  genera  of 
Tortoises  (Proc.  Zool.  Soc.  vol.  XII.  p.  165),  1869. — Hoffmann,  C.  A'.,  t4ielonia,  in  Bronn’s  Classen 
und  Ordnungen  des  Thierreichs,  vol.  VI.  1879.  — Lydekl'er,  R„  Siwalik  and  Narbada  Chelonia 
(Palaeont.  Indica,  ser.  X.  vol.  III.),  1886. — Catalogue  of  the  fo.ssil  Reptilia  and  Amphibia  in  the 
British  Mu.seuni,  Part  III.  London,  1889. — Maack,  G.  A.,  Die  bis  jetzt  bekannten  fossilen  Schihl- 
kroten,  etc.  (Palaeontogr.  vol.  XVIII.),  1869. — Mei/er,  11.  run,  Zur  Fauna  der  Vorwelt,  Parts  I.  ami 
IV.  Frankfort,  1845-60. — Owen,  li.,  and  Bett,  R.,  Monogi'aph  of  the  fo.ssil  Reptilia  of  the  Lomlon 
Clay,  Part  I.  (Palaeont.  Soc.),  1851. — Owen,  R.,  Monograph  of  the  fossil  Chelonian  Reptilia.  etc.. 
ihid.  1852-53. — Pictet,  F.  .A,  and  Humhcrt,  -L,  Monographie  des  Chelonieus  de  la  Molasse  Suisse. 
Geneva,  1856. — Partis,  -1.,  Ueber  fossile  Bchildkrbten  aus  dein  Kiinmeridge  von  Hanover  (Palaeontom-. 
vol.  XXV.),  1878. — Les  Chelonieus  de  la  Molasse  Vaudoise  (Mem.  Soc.  Palaeont.  Sui.sse,  vol.  IxT) 
1882.  — Reinach,  A.  r.,  Schildkrotenre.ste  im  Mainzer  Tertiarbecken,  etc.  (Abhandl.’ Senckenb’. 
naturf.  Ges.  vol.  XXVIII. ),  1900. — Ridimei/er,  L.,  Die  fossilen  .Sehildkrdten  von  Soluthurn  (Denkselir. 
Schweiz,  naturf.  Gesellsch.  vol.  XXII.),  1867  : and  ihid.  vol.  XXV.  (1873). — Ueber  den  Ban  von 
Schale  und  Scluidel  bei  lebenden  und  fo.ssileu  Schildkrbten  (Verliandl.  naturf.  Clesellsch.  Basel,  vol. 
III.  p.  255),  1872. — Sacco,  F.,  Clieloni  Astiani  del  Piemonte  (Mem.  Acad.  Torino,  vol.  XXXIX. ', 
1889. — Wagner,  J.  A.,  Schildkrbten  und  Saurier  aus  den  lithographischen  Schiefer  (Al)handl.  bayei'. 

Akad.  Wisseusch.  II.  Classe,  vol.  VII.  p.  291),  1853  ; and  ibid.  vol.  IX.  (1861),  jn  68. Widand, 

G.  R.,  On  Archelon  ischyros,  Proto.stega,  etc.  (Amer.  Journ.  Sci.  [4],  vol.  II.  p.  399),  1896  ; and 
ibid.  vol.  V.  (1898),  p.  15. — WiUistun,  S.  IF.,  A new  turtle  from  the  Kansas  Cretaceous  (Trans. 
Kans.  Acad.  Sci.  vol.  XVII.  p.  195),  1901. 
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of  the  ptenjfjoids  icith  the  hasisjdienoid,  and  frequerdhj  also  with  one  another.  Narial 
opening  single  and  terminal.  No  sternum  ; ribs  single-headed  ; two  sacral  vertebrae. 
J'ubes  and  ischia  forming  symphyses.  Humerus  without  entepicondylar  foramen. 
]‘entadartyle  walking  limbs  or  paddles. 

Chelonituis  form  an  extremely  homogeneous  and  narrowly  circumscribed 
grou]>,  their  peculiar  organisation  separating  them  widely  from  all  other 
rei)tiles,  and  their  origin  and  phylogeny  being  very  obscure.  A relationship 
with  the  Triassic  Dicynodonts  is  perhajis  indicated  by  the  skull,  which  is 
strikingly  similar;  and  certain  features  of  the  palate  and  pectoral  girdle  are 
suggestive  of  the  Sauropterygia,  Rhynchocephalia,  and  Labyrinthodont  Stego- 
cephalians.  Chelonians  first  make  their  apjiearance  in  the  Ujiiier  Keuper  of 
Southern  tl-ermany  (Proganochelys)  and  exhibit  all  the  tyjiical  characters  of  the 
order  ; nor  do  they  undergo  any  noteworthy  modifications  in  structure  during 
all  their  subsequent  history. 

Shell. — The  most  distinctive  character  of  the  group  is  the  investment  of 
the  body  in  a more  or  less  rigid  shell  or  box,  which  is  composed  partly  of  the 
modified  neural  spines  of  the  dorsal  vertebrae,  and  partly  of  dermal  ossifica- 
tions more  or  less  intimately  united  with  the  former.  Into  this  capsule  the 
limbs,  tail,  and  usually  also  the  neck  and  head  are  capable  of  being  retracted. 

In  most  forms  both  the  dorsal  shell  or  carapace,  and  the  ventral  or  ydastron, 
are  stqierficially  covered  with  a leathery  or  corneous  epidermal  layer,  which  is 
divided  by  indented  sutures  into  a few  large  scutes  or  shields.  These  epi- 
dermal shields  are  arranged  (piite  independently  of  the  subjacent  osseous  jilates, 
and  are  wanting  oidy  in  Trionychuidea  and  Dennochelys.  They  afford  valuable 
diagnostic  characters  amongst  recent  forms,  but  as  a rule  are  completely 
destroyed  by  the  fossilisation  jirocess,  their  sutures  being  merely  indicated  by 
shallow  sulci.  On  the  carajiace  they  form  a median  dorsal  and  a paired  lateral 
series,  there  being  usually  five  unjiaired  or  vertebral  shields,  and  four  or  five 
pairs  of  costal  shields  (Figs.  dOo,  dOfi).  Round  the  periphery  there  is  also  a 
series  of  about  twenty-four  marginals  (marginalia),  the  anterior  of  which 
is  called  the  nuchal,  and  the  jiosterior,  sometimes  double,  the  caudal  or  “ supra- 
cauilal  ’ shield.  Five  or  six  pairs  of  epidermal  shields  are  present  in  the 
plastron,  but  there  is  no  median  series.  The  anterior  pair  is  designated  as 
gulars,  following  which  in  the  order  named  are  the  humerals,  pectorals, 
abdominals,  femorals,  and  anals.  Occasionally  the  gulars  are  separated  in 
front  by  a single  or  doulde  intergular  shield. 

The  osseous  ])lates  of  the  carapace  (Fig.  297)  are  formed  partly  by  lateral 
expansions  of  the  spinous  processes  of  eight  dorsal  vertebrae  (second  to  ninth), 
and  of  the  ribs  belonging  to  these  vertebrae;  and  in  still  greater  part  by 
dermal  ossifications  overlying  the  ribs  and  joining  the  expanded  spinous 
processes  on  either  side  of  the  median  line.  The  plates  of  the  carapace  thus 
differ  iii  number  and  arrangement  from  the  epidermal  shields,  inasmuch  as 
they  coincide  with  the  vertebrae  and  ribs.  The  latter  retain  their  individuality 
more  or  less  distinctly  on  the  visceral  side  of  the  costal  bones,  and  extend 
across  the  vacuities  when  the  carajiace  is  incomplete. 

The  median  series  of  eight  bony  plates  in  the  carapace  are  called  neurals  or 
“ vertebrals  ” ; and  the  lateral  pieces  lying  superjacent  to  the  ribs,  which  are 
firmly  united  to  one  another  and  to  the  neurals  by  suture,  are  termed  pleurals 
(or  “ costals  ”).  Sometimes  not  all  of  the  neural  bones  are  developed,  and  among 
the  recent  I’leurodira  of  Australia  they  are  wanting  altogether.  In  front  of 
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the  series  of  neural  plates  is  a large  hexagonal  plate,  the  nuchal,  which  is 
broader  than  long,  and  situated  above  the  first  dorsal  vertebra.  This  plate, 
which  is  present  in  all  Chelonians,  is  a cartilage  bone,  developed  simultaneously 
with  the  neurals,  and  has  been  supposed  to  represent  the  modified  ribs  of  the 
last  cervical.  Continuing  the  series  of  neurals  behind  are  tw'o  to  four  un- 
paired membrane  bones  termed  the  pygal  plates  or  “ postneurals,”  the  last  of 
which,  in  shape  and  position,  forms  part  of  the  peripheral  series.  In  addition 
to  the  posterior  azygous  peripheral  or  pygal,  there  are  eleven  (exceptionally 
twelve)  peripheral  plates  on  each  side,  except  in  Staiirotypus  and  Cinostermnn, 


Fig.  29T. 

Chdone  midas,  Latr.  Recent;  Atlantic  Ocean,  .-i, 
Dorsal  aspect  of  carapace.  B,  Section  of  shell.  C, 
Ventral  aspect  of  plastron,  d — Costal  plates  ; e, 
Entoplastron  ; ep,  Epiplastron  ; hyp,  Hyoplastron  : 
hpp,  Hypoplastron ; on,  Marginals  ; yi.  Expanded  neural 
spine  ; nu,  Xuclial ; p,  Plastron ; py,  First  suprapygal ; 
r.  Ribs;  ou,  Vertebral  centrum;  xp,  Xipliiplastron  ; 
1 — S.  Neural  plates,  followed  by  two  suprapygals  and 

pygal. 


B 


C 


which  have  but  ten.  The  peripherals  and  pygals  owe  their  origin  entirely  to 
dermal  ossification. 

There  are  normally  eight  pairs  of  neural  plates,  but  some  fossil  marine 
forms  have  nine  or  ten.  The  first  neural  is  constantly  the  broadest,  the  last 
the  smallest ; in  a few  forms  these  plates  are  of  unequal  width,  alternately 
widening  proximally  and  narrowing  distally.  The  distal  extremity  of  the  rib 
persists  as  a free  point  fitting  into  a corresponding  socket  of  the  peripheral 
plate.  In  a number  of  forms  there  are  persistent  fontanelles  or  vacuities 
between  the  neural  and  peripheral  plates,  and  also  in  the  plastron. 

The  plastron  arises  exclusively  from  dermal  ossification,  and  is  entirely 
independent  of  the  pectoral  arch,  with  which  it  has  sometimes  been  homo- 
logised.  It  consists  usually  of  nine  bones,  a median  anterior  entoplastron  (or 
“ interclavicular  ”),  and  on  each  side  following  this  in  the  order  named,  an 
epiplastron,  a hyoplastron,  a hypoplastron,  and  a xipliiplastron.  Some 
authors  have  regarded  the  epiplastra  as  equivalent  to  the  clavicles,  the 
entoplastron  to  the  interclavicle,  and  the  other  elements  as  modifications  of 
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the  Stegocephaliaii  and  Khvnchocephalian  abdominal  ribs.  An  entoplastron 
is^  wanting  among  the  Chiosteniidae,  and  in  ISadna  and  tlie  1‘elomedusiilae  the 
usual  number  of  nine  bones  is  increased  to  eleven,  the  additional  elements 
being  the  mesoplastra,  situated  between  the  hyo-  and  hyj)o-plastra.  The 
mesoplastra  may  have  served  in  the  primitive  condition  to  close  the  lateral 
vacuities.  Until  late  in  life  in  the  Clieli/dridae,  and  throughout  in  the  Chelo- 
uhlae,  the  paired  abdominal  bones  are  separated  by  wide  fontanelles  (Fig. 
i'97,  C),  whilst  in  all  other  recent  Ciyptodires  the  plastron  forms  in  the  adult 
a solid  shell,  which  may  be  divided  into  two  or  three  j)ortions  by  the  presence 
of  one  or  two  transverse  ligamentous  hinges,  as  in  (.'isfudo,  Emi/s,  etc. 

‘‘In  the  adult  of  most  genera  the  hyo- and  hypo-])lastra  are  muted  with 
the  marginal  plates  by  suture  ; in  a few  they  are  narrowly  separated  from  the 
latter  l)v  ligament,  or  the  outer  border  of  these  l)ones  form  digitate  dentations, 
which  may  either  articnlate  by  gomphosis  with  the  marginals  or  be  entirely  free. 
Tlie  space  between  the  body  of  the  j)lastron  and  the  mai'ginals  is  called  the 
bridge  ; it  is  particularly  short  or  absent  in  those  Testiidinidae  in  which  the 
plastron  is  movable,  and  long  and  narrow  in  those  forms  (Clieli/dridae)  in  which 
the  ])lastron  is  particularly  small,  the  whole  shield  being  cruciform.  In  such 
Tesiudinidae  as  have  the  plastron  suturally  united  with  the  carapace,  the  hyo- 
and  hypo-plastron  each  sends  up  a j)rocess,  resj)ectively  termed  the  axillary  and 
irmuinal  buttress,  which  anchvlose  either  with  the  inner  surface  of  the  marmnals 
or  with  the  costals  ; these  buttresses  are  least  developed  in  the  land  tortoises 
and  most  of  the  'Tesfndinidae  fre(pienting  deep  water,  in  which  genera  they 
form  very  large  septa,  nearly  leaching  the  vertebral  region  and  forming  two 
lateial  chandrers  occupied  l>y  the  lungs”  (ISoulenger). 

I'erfehral  column. — Tlie  cervical  region  is  extremely  He.xilile,  and  comiii'ises 
eight  non-costiferous  vertebrae,  the  first  of  which  is  liiconcave,  and  the  last 
biconvex.  Transverse  piocesses  aie  absent  or  extremely  ludimentary  in  this 
region.  The  ten  rib-liearing  dorsal  \ertebiae  are  immovably  united  with  one 
another  and  with  the  carajiace,  following  which  are  two  amjihijilatyan  sacral 
vcrtelirae.  The  sacral  rilis  are,  as  on  the  last  dorsal  vertebra,  suturally 
united  with  both  centrum  and  neural  arch  ; the  first  is  the  most  developed, 
and  considerably  expanded  distally.  The  caudal  vertebrae  range  in  number 
between  sixteen  and  thirty-five,  the  more  usual  number  being  from  twenty  to 
twenty-five.  The  centra  arc  in  most  cases  jirocoelous,  Imt  sometimes  opistho- 
coelous.  Tiansverse  jnocesses  or  costoids  are  jiresent  on  most  of  the  vertebrae, 
and  connecteil  with  the  centrum  and  the  arch.  Neural  spines  are  not  developed, 
and  chevron  bones  are  absent  or  vestigial. 

Skull. — The  liones  of  the  skull  form  a broad,  often  very  convex  roof,  which 
is  ])rolonged  posteriorly  in  a strongly  developed  sujiraoccijiital  crest.  Tlie 
orbits  are  large  and  jilaced  laterally  in  advance  of  the  middle  of  the  skull ; the 
ileeper  the  skull,  the  larger  the  orbits.  The  latter  are  comjdetely  encircled  by 
four  or  five  bones — the  maxilla,  prefrontal,  sometimes  the  frontal,  the  post- 
fi'ontal,  and  the  jugal.  The  external  nostril  is  single  and  terminal,  bounded 
by  the  premaxillae,  maxillae,  and  prefrontals  or  nasals.  The  parietals  are  of 
large  size  and  distinct,  being  connected  with  the  palate  (except  in  the  JJcrmo- 
ilieli/idac)  by  descending  processes.  An  independent  lachrymal  bone  is  never 
])resent,  and  nasals  occur  only  rarely  among  the  Pleurodim  and  some  Cnjpiodira. 
The  anterior  margin  of  the  snout  is  formed  by  the  small,  usually  distinct 
])remaxillae. 
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The  postfrontals  are  large  in  inosti  Cryptodires,  forming  a postorliital 
arch  ; in  the  marine  turtles  the  postfrontal  unites  in  a long  suture  with  the 
parietal,  the  whole  or  greater  part  of  the  temporal  region  being  roofed  over  by 
bone.  The  temporal  roof  attains  its  greatest  development  in  the  Chela aidae, 
where  three  cranial  arches  are  present — the  postfronto-squamosal,  the  jugo- 
quadratojugal,  and  the  parieto-squamosal.  In  all  other  Cryptodires  the 
parietal  is  widely  separated  from  the  squamosal,  and  as  a rule  the  squamosal 
is  separated  from  the  postfrontal.  In  a few  genera  there  is  no  bony  temporal 
arch,  and  the  quadrato-jugal  is  rudimentary  or  absent.  The  jugal,  when 
present,  takes  part  with  the  maxilla  in  the  lower  border  of  the  orbit,  being 
excluded  from  it  only  in  the  genus  PJaUjstermnn.  The  prootic  and  opisthotic 
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Trionyx  fjanqeticus,  Cuvier.  Recent;  India.  Superior  (^),  and  palatal  (/>')  aspects  of  skull,  reduced, 
ho,  Basioccipitai ; hspli,  Basisplienoid  ; i7<,  Internal  nares  ; exo,  Exoccipital  ; fr,  Frontal ; j,  Jugal ; lax,  IMaxilla  ; 
Ny  External  nostril ; op,  Opisthotic ; pa,  Parietal ; pi,  Palatine  ; pmx,  Premaxilla  ; prf.  Prefrontal  + nasal ; pro, 
Prootic;  pt/,  Postfrontal ; Quadrate  ; Quadrato-jugal ; 5,  Supratemporal  fossa;  so,  Supraoccipital ; sq. 
Squamosal ; vo,  Vomer. 

are  both  stout  plates,  situated  in  their  usual  ))ositions.  The  exoccipital 
sometimes  fuses  with  the  supraoccipital,  which  is  produced  beyond  a line 
drawn  between  the  posterior  extremities  of  the  squamosal.  The  foramen 
magnum  is  deeper  than  broad,  and  bounded  by  the  supraoccipital  and  the 
exoccipitals,  and  occasionally  also  by  the  basioccipitai. 

The  squamosal  joins  both  the  prootic  and  opisthotic,  and  is  buttressed  by 
the  quadrate,  which  penetrates  the  otic  region  by  means  of  a superiorly  or 
inwardly  directed  process,  and  is  suturally  united  with  the  quadrato-jugal. 
The  quadrate  sometimes  joins  both  the  basisphenoid  and  basioccipitai,  but  in 
all  Cryptodires  it  is  separated  from  the  basisphenoid  by  the  pterygoids,  which 
form  a suture  with  the  basioccipitai,  or  very  nearly  reach  the  latter  bone,  and 
are  in  contact  with  the  maxillae  (except  in  the  CheJonidae).  In  none  of  the 
Pleuroclires  do  the  pterygoids  extend  posteriorly  beyond  the  quadrate. 
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The  niiuidibuhir  elements,  which  arc  six  in  numlier,  are  so  intimately 
united  in  the  adult  as  to  appear  like  a single  ihece.  A symphysial  suture  is 
liresent  in  the  Cheh/driJae,  however,  at  least  in  young  individuals.  Teeth  are 
entirely  wanting,  both  on  the  palate  and  jawdmnes,  but  the  edges  of  the  latter 
are  covered  witli  .sharp,  horny  sheaths  like  the  beak  of  a bird. 

Limh-ginlles. — The  limb-girdles  (Fig.  299)  are  remarkable  for  being  enclosed 
within  the  external  shell,  but  as  they  precede  the  develoiiment  of  the  anterior 

and  posterior  dorsal  ribs 
in  the  embiyonic  state, 
their  apparently  abnormal 
position  is  seen  to  be  a 
secondary  modification.  Of 
the  three  branches  which 
constitute  the  pectoral 
arch,  namely,  the  scapula, 
jirecoracoid,  and  coracoid, 
the  latter  is  longest  in  the 
Clidvnidae,  the  former  in 
all  other  Cryptodires.  The 
coracoids  are  long,  di.stally 
expanded  bones,  directed 
backwards  and  inwai’ds, 
but  not  meeting  in  the 
median  line.  The  scapula 
is  slender,  rod- like,  and 
upwardly  directed.  Its 
distal  extremity  is  attached 
by  ligaments  or  cartilage 
to  the  anterior  costal  bone, 
and  its  proximal  end  is 
fused  with  the  precoracoid, 
which  corre.s})onds  to  an 
cishiiiii  luunin,  Marsiii.  [c.  (Kmijs)  i sciiiiciii.]  Hcociit ; eloimatcd  acromial  i)rocess 

Kiu'opt*.  Wntral  aspect,  the  j)lastr<)ii  removcil  to  one  si<le.  c,  (,'ostal  . ^ i o i> 

phites  : /VI,  Coracoid  ; /’,  Efitoplastron  ; Ejiiplastron  : /,  Filmla  ; /r,  pTOSCtlpU  1 cl,  l)clUr  j 
; h.  IlimiiTus  ; hpp,  I lyiiuiilastron  ; hup.  Uyo]il!istnm  ; jt.  Ilium  ; i,  „l vi(>r  ( lu’enf 
/s.  Ischium;  w.  Marcinals  ; uu,  Nuchal;  ph.  Pubis;  )tsr,  I’rccoracoid  ; Cl/l\  itlC,  wwciiy. 

Siiiu-ai.y-al  ; Radius  ;»•,  .Scajmla  ; I,  Tibia  ; a,  Ulua  ; r;,,  Xiiilii-  ype  latter  is  directed  for- 
plastron. 

wards  and  downwards,  and 

its  expanded  distal  end  is  attached  by  ligaments  to  the  entoplastron.  The 
humerus  exhibits  a large  spherical  head,  and  a more  or  less  strongly  curved 
shaft.  The  radius  and  ulna  are  of  about  equal  length,  except  in  the  Chelonidai', 
where  the  former  is  much  longer  and  situated  below  the  ulna.  The  proximal 
carpals  are  commonly  four  in  numlier,  and  the  distal  five;  numerous  varia- 
tions, however,  are  exhibited  by  the  bones  of  the  maims  amongst  the  different 
families  and  genera.  Five  digits  are  always  present,  but  sometimes  not  more 
than  three  are  clawed. 

In  the  peh  ic  arch  the  long  ilium  is  loosely  attached  to  the  sacrum  and 
eighth  costal  jilate  in  the  Cnjptodini,  to  the  sacral  ribs  in  the  Trionijehmdea; 
but  in  all  existing  rieurodim  the  pelvis  is  solidly  united  with  the  carapace  and 
])lastron,  and  bears  no  trace  of  sacral  attachment  (Fig.  .307).  The  pubis  and 
ischium  of  Cryptodires  form  a venti'al  .symphysis,  and  their  symphysial  luanches 
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are  either  widely  separated  from  each  other,  or  in  contact  and  limiting  two 
obturator  foramina  (TestiuHnidae).  The  pubis  sends  off  a more  or  less  developed 
process,  directed  forwards  and  outwards,  which  may  be  subcylindrical,  rod-like, 
or  flat  and  expanded  distally  ; a lateral  process  is  also  present,  but  usually  less 
developed  than  that  of  the  pubis,  on  the  ischium  of  all  Cryptodires  except  in 
the  Chelonidae  (Boulenger).  The  femur  is  a curved  cylindrical  lione,  and  the 
tibia  and  fibula  are  subequal  in  length.  An  astragalus  (formed  of  the  tibiale  -t- 
intermedium)  which  is  in  contact  with  both  tibia  and  fibula,  and  a small  outer 
calcaneum  (fibulare)  constitute  the  proximal  tarsals ; or  among  the  Emyds, 
these  may  coalesce  in  a single  piece.  A centrale  is  distinct  in  the  Chebjdridae 
and  most  Pleurodires ; and  except  in  the  Chelonidae,  which  have  four,  the 
distal  row  of  tarsals  contains  five  bones. 

Habitat  and  Geological  History. — Many  of  the  Chelonia  are  terrestrial  in  habit, 
a greater  number  are  aquatic,  and  a few  are  exclusively  marine.  About  200 
recent  species  are  regarded  as  well  established,  most  of  which  are  limited  to 
the  tropics  or  warm  temperate  zones.  The  earliest  known  fossil  remains  are 
from  the  Upper  Keu])er  of  Whrtemberg  {F roganochel ys,  Chelytherhiin),  and  are 
fortunately  tolerably  well  preserved.  None  have  been  discovered  in  Lower 
Jurassic  rocks,  but  from  the  Upper  Jura  of  Solothurn,  Northern  France, 
Germany,  England,  and  the  United  States,  a number  of  forms  are  known,  all 
of  which  are  closely  similar  to  existing  genera.  Numerous  Chelonian  remains 
occur  in  the  Cretaceous  and  Tertiary,  but  complete  skeletons  in  association 
with  the  skull  are  extremely  rare.  The  only  noteworthy  marks  of  evolution 
affecting  the  order  since  early  Cretaceous  time  are  degeneration  of  the  carapace 
and  plastron  in  certain  types,  and  elongation  of  the  jihalanges  in  truly  marine 
forms. 

Baur  supposes  ancestral  Chelonians  to  have  had  a habitat  similar  to  that 
of  modern  Crocodiles,  namely  in  shallow  water  or  in  swani])s.  A l>ranch  then 
arose  which  inhabited  rivers,  and  whose  most  specialised  memliers  are  the 
three-clawed  mud-turtles  {Trionychoidea).  That  these  forms  with  soft  marginal 
plates  are  descended  from  a group  having  completely  ossified  marginals  there 
can  be  little  doubt.  From  a huviatile  habitat,  according  to  Baur,  these  early 
Chelonians  passed  on  to  a marine,  prior  certaitdy  to  the  Cretaceous  period, 
since  we  find  here  such  specialised  genera  as  Profosfega,  Frotosydiurgis,  Allo- 
pleuron,  etc.  ; and  the  most  specialised  of  all  is  the  recent  Dermoch.elys.  ' Still 
another  branch  acquired  amphibian  habits,  like  many  of  the  Emydidae,  and  in 
time  some  of  these  (Terrapene,  Nicoria,  etc.)  became  truly  terrestrial.  The  land 
tortoises  (TesfudiniJae),  a highly  s])ecialised  group,  are  initiated  in  the  Eocene 
{Hadriarms),  and  are  completely  adapted  for  a terrestrial  existence. 

Sub-Order  A.  TRIONYCHOIDEA.  Bonaparte. 

Dorsal  vertehrue  and  ribs  fused  with  th.e  dermal  plates  to  form  an,  incompletely 
ossified  carapace,  ornamented  with  coarse  vermiculating  soalpdure;  no  epidermal 
shields.  Neck  bending  by  a sigmoid  curve  in  a vertical  plane.  Skull  ivith  descend- 
ing parieto-pterygoidal  processes.  Fferygoids  broad  throughout,  separated  from  each, 
other,  the  hasisphenoid  joining  the  palatines.  Cervical  vertebrae  without  transverse 
processes.  Sacral  and  caudal  ribs  generally  attached  to  well-de  cel  oped,  fransrerse 
processes  of  the  neural  arches.  Felvis  free  from  the  carapace  and  plastron.  Limbs 
modified  into  paddles,  the  fourth  digit  icith  at  least  four  phalanges,  and  only  the  three 
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inner  iJifjits  rhneed.  Marginal  hones  ahseni  or  funning  an  incomplete  series,  not 
connected  with  the  rihs.  Nine  i^lastrul  elements;  epiplastru  segxirated  from  the 
hgoplastra  hg  the  \/-shaped  entoplastron. 

The  group  of  three-clawed  mud-turtles,  which  appears  first  in  the  Upper 
Cretaceous  of  the  United  States,  and  next  in  the  lowest  Tertiary  strata  of 
both  Europe  and  North  America,  exhibits  the  most  generalised  structure  of 
all  Chelonians.  The  shell  is  incompletely  ossified,  and  the  plastral  elements 
remain  separate  throughout  life.  Vacuities  persist  in  the  carapace,  and  various 
portions  of  the  skeleton  afi'ord  evidence  of  imperfect  ossification.  There  are 
no  free  nasals,  and  no  parieto-squamosal  arch  ; the  descending  processes  of 
the  jirefrontal  may  or  may  not  be  connected  with  the  vomer,  the  epipterygoids 
are  free,  and  the  dentaries  distinct.  The  stapes  is  entirely  surrounded  by 
the  (piadrate.  The  pterygoid  is  broad,  without  lateral  expansions,  separating 
the  quadrate  and  liasisphenoid.  Only  one  family  is  recognised. 


Eamily  1.  Trionychidae.  Ciav. 


Skidl  depressed,  the  small  orbits  directed  mure  or  less  upwards  and  ajiproximated 

towards  the  nares  ; temporal  fossae' 
completely  open,  and  squamosal  and 
supra-occijiital  with  very  long  pos- 
terior processes.  Plastron  totally 
ilistinct  from  the  carapace,  with 
large  vacuities.  Humerus  much 
curved.  Eocene  to  Kecent. 


The  existing  members  of 
this  family,  numbering  in  all 
about  twenty-five  species,  are  of 
fiuviatile  habit,  and  distributed 
in  the  tropical  and  temperate 
zones  of  all  the  continents 
except  South  America.  Most 
of  the  fossil  forms  belong  to 
the  genus  Trionyx,  Gray  (Eig. 
•'lOO),  which  survived  in  Eurojie 
throughout  the  Eocene  and 
Miocene,  and  still  inhabits  the 
rivers  of  Asia,  Africa,  and 
North  America.  Axestus  and 
Plastoincnus,  Cope,  from  the  Eocene  of  Wyoming  and  New  Mexico,  are  closely 
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1/4  (after  Peters). 


related  genera. 


t'hitra.  Gray,  is  Pliocene  and  Kecent. 


Sub-Order  B.  CRYPTODIRA.  Dumeril. 

Jhrsal  certehrae  a ltd  ribs  fused  and  expawled  into  bony  plates  forming  a caraqiace. 
Neck  bending  by  a sigmoid  curve  in  a vertical  plane.  Cervical  vertebrae  without  or  with 
mere  indications  of  transverse,  processes.  Posterior  cervicals  with  two  articular  faces. 
Skull  with,  descending  parieto-pterygoidal  qx'ocesses  (excepd  in  the  Jfermochelyidae). 
No  free  latsals  ; juj rido-squainosal  arch  present  or  absent ; descending  process  of  the 
prefrontals  connected  with  the  vomer  ; stapes  in  an  oqien  groove,  entirely  covered  by  the 
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quadrate  behind.  Pterygoids  narrow  in  the  middle,  in  contact  o)dy  along  the  median 
line,  without  wing-like  lateral  exqyansions,  separating  the  quadrate  and  hasisphenoid. 
Pelvis  not  anchylosed  with  caraqnice  or  plastron.  Digits  with  not  more  than  three 
phalanges.  Epiplastra  in  contact  with,  hyoplastra  ; entoplastron  oval,  rhomhoidul,  or 
"X -shaped.  A complete  series  of  marginal  bones,  connected  with  the  ribs. 

This  sub-order  comprises  the  majority  of  existing  and  fossil  Chelonians. 
As  distinguished  from  Pleurodires,  the  head  is  retracted  by  curvature  of  the 
neck  in  a vertical  plane,  and  the  pelvis  is  unconnected  with  the  plastron. 
The  different  families  are  conveniently  grouped  by  Baur  in  four  superfamilies, 
as  recognised  in  the  sequel. 

Superfamily  1.  CHELONOIDEA.  Baur. 

A parieto-squamosal  arch  ; no  foramen  palatinum  between  palatines  and  maxillae; 
articular  faces  between  the  sixth  and  seventh,  cervical  vertebrae  plane  ; nuchal  with  a 
distinct  process  on  the  lower  side  for  articulation  with  the  neural  arch  of  the  eighth 
cervical  vertebra,  and  ivithout  lateral  processes.  One  biconvex  cervical  vertebra. 

Family  1.  Dermochelyidae.  Gray.  {Athccae,  Cope.) 

Carapace  broken  up  into  numerous  mosaic-like  pieces  of  ilerrnal  ossification,  wholly 
unconnected  with  the  vertebrae  and  ribs.  Epidermal  shields  absent.  Skull  without 
descending  parietal  pn'ocesses;  temporal  region  cornqdetely  roofed,  the  squamosal 
joining  the  parietal.  Humerus  fattened ; limbs  ptaddle-shaped,  clawless,  the  digits 
of  the  manus  much  elongated  ; phalanges  without  condyles.  Tertiary  and  Recent. 

Eosphargis,  Lyd,  Carapace  represented  by  a single  median  row  of  broad 
carinated  scutes  and  a series  of  marginals  on  either  side.  Plastron  jirobably 
devoid  of  tesserae.  Skull  broad  and  Hat.  Eocene  ; England. 

Psephophorus,  v.  Meyer  {Macrochelys,  van  Beneden  non  Gray).  Skull 
shorter,  thicker,  and  relatively  larger  than  in  Derrnochelys ; shell  completely 
tessellated,  sculptured ; scutes  of  the  larger  longitudinal  row  of  the  carapace 
devoid  of  carinae.  Eocene  and  Oligocene  ; Europe. 

Derrnochelys,  Blv.  (Sphargis,  Merrem).  Carapace  completely,  plastron  in- 
completely bony  in  the  adult,  the  former  with  seven,  the  latter  with  five 
keels  ; plastral  elements  eight.  Recent ; Atlantic,  Pacific,  and  Indian  Oceans. 
In  this,  the  largest  and  sole  surviving  member  of  the  family,  the  separation 
of  the  vertebral  column  from  the  carapace  was  deemed  by  Cope,  Dollo,  and 
others  a character  of  sufficient  importance  to  warrant  the  establishment  of  a 
group  (Athecae)  equal  in  value  to  the  rest  of  the  Chelonia.  Baur  has 
endeavoured  to  prove  that  the  mosaic-like  carapace  was  an  acquired  character, 
and  that  this  and  the  following  family  are  directly  related  to  the  Chelonidae. 

Family  2.  Protostegidae.  Cope. 

Carapace  represented  merely  by  a row  of  marginals,  but  the  pilastron  very  strongly 
developed  and  composed  of  thick  ossifications.  Skull  ^vith  descending  qxvrietal  plates. 
Humerus  with  the  radial  process  short,  blunt,  and  approximated  to  the  head.  Creta- 
ceous and  Tertiary. 

Protostega,  Cope.  Descending  parietal  plates  well  developed.  Carapace 
intermediate  between  Dermochelyidae  and  Chelonidae,  with  several  primitive 
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characters  regarded  as  ancestral  to  liotli.  Plastron  with  larger  bones  and  a 
much  smaller  fontanelle  than  in  JJermorhebjs.  Body  elongate,  the  posterior 
end  truncated;  limbs  paddle-shaped.  Post-axial  border  of  humerus  more  or 
less  deeply  emarginate.  Upper  Cretaceous;  North  America. 

Archdon,  Wieland.  Larger  than  the  preceding,  but  similar  in  most 
respects.  *Ft.  Pierre  Cretaceous  ; South  Dakota. 

1‘rotosphargis,  Cap.  Skull  unknown.  Body  skeleton  similar  to  that  of 
Protuslega,  but  bones  of  ])lastron  more  slender,  and  median  fontanelle  larger. 
Uppermost  Cretaceous  ; Italy. 

Pseudospharr/is,  Dames.  Skull  Hat  and  wide,  like  that  of  the  Dermo- 
chelyidae,  but  with  descending  parietal  processes.  Oligocene  ; Germany. 

Fainilv  3.  Chelonidae.  (Jray.  Qlarine  Turtles.) 

Shell  more  or  less  incomjdefeh/  ossified,  covered  wi1h  epidermal  shields.  Carapace 
frecpienfhi  cordiform  ; jdasfral  bones  nine,  distinct  from  the  carapace,  and  with  vacuities 
and  digit  ate  lateral  extremities  ; nuchal  without  cost  form  process.  Temporal  region 

of  skull  completely  roofed  over  ; scpiamosal  joining  the  parietal,  and  the  latter  articu- 
lating with,  the  postfrontal.  Limbs  paddle-shaped,  phalanges  without  condyles,  terminal 
claws  reduced  to  one  or  two.  Supramarginal  shields  present,  a>id  sometimes  an  inter- 
gular.  Upper  Cretaceous  to  Decent. 

Osteopygis,  Cope  (Catapleura,  Cope).  Carapace  practically  closed;  marginals 
eleven.  Uppei-  Cretaceous. 

AUopleuron,  Baur.  Carapace  long  and  narrow,  nuchal  deeply  emarginate, 
neurals  short  and  wide  with  a long  keel  ; marginals  long  and  slender.  Upjter 
Cretaceous. 

Lytolomu,  Cope  {Euclasfes,  Pupjdgerus,  p.p..  Cope ; Glossochelys,  Seeley ; 
Erquelinnesia,  Pachyrhynchu.<,  Dollo).  Skull  resembling  that  of  Thalassochelys. 
Carapace  rounded  posteriorly,  vacuities  of  shell  more  obliterated  than  in 
Thalassochelys ; epijHastrals  narrow;  exposed  portion  of  entoj)lastron  very 
short , xiphiplastrals  uniting  extensively  in  the  median  line.  Ujiper  Creta- 
ceous and  Eocene. 

A rgillochelys,  Lyd.  Skull  short  and  wide.  Shell  and  bones  of  the  pectoral 
arch  similar  to  those  of  Thala ssochelys,  excej)t  that  the  carapace  has  but  four 
costal  shields,  and  the  xiphiplastrals  unite  extensively  along  the  median  line. 
Eocene  ; England. 

Thalassochelys,  Fitz.  (Fig.  .301).  Carapace  completely  ossified  in  the  adult, 
with  at  least  five  pairs  of  costal  shiehhs,  and  vacuities  more  or  less  obliterated. 
.V  series  of  inframarginal  i)lastral  shields  j)resent.  Eocene  to  Decent. 

Chelone,  Brong.  {M yd  as.  Gray  ■.  (Ji/nochelys,  (hveu),  (Figs.  297,  302).  Skull 
comparatively  long,  narrow,  with  the  orbits  lateral.  Shell  cordiform  or 
pointed  at  both  ends,  with  four  costal  shields,  the  plastral  vacuities  j)ersisting 
for  a long  period.  An  intergular  and  a series  of  inframarginal  shields  jiresent. 
Upper  Cretaceous  to  Decent. 

Lendjonax,  Cope.  Eocene;  North  America.  Chelyopsis,  van  Beneden. 
Oligocene  ; Belgium  and  Northern  Germany. 

During  the  Cretaceous  and  Tertiary  numerous  marine  turtles  existed  which 
are  ])erha[)s  most  nearly  related  to  the  Chelonidae,  but  owing  to  their  diversity 
have  been  placed  by  some  authors  in  independent  families.  Most  of  them. 
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however,  are  too  imperfectly  known  to  admit  of  a precise  account  of  their 
structure  or  taxonomy. 

Propleura  and  Peritresins,  Cope,  from  the  Upper  Cretaceous  of  the  United 
States,  are  represented  by  a few  species,  all  under  1 m.  in  length.  Desniafo- 


Fig.  301. 


Fig.  302. 


Tholassochebjs  wretta,  Lhin.  s\>.  Recent ; Mediterranean.  Ventral  aspect  Chelone  hofmcunii,  Gray, 
of  skeleton,  the  plastron  removed,  cor,  Coracoid;  li,  Ilumeru.s  ; par,  Pre-  Upiier  Cretaceous;  Maestricht, 
coracoid  (“  prescapnla,”  Raiir);  r,  Radius;  sc,  Scapula  ; ?/,  Ulna.  Holland.  Portion  of  carajjace,  Vs- 


chehjs,  Williston,  from  the  Fort  Benton  Cretaceous  of  Kansas  and  Nebraska,  is 
a peculiar  form  with  some  aberrant  characters,  such  as  free  nasals,  stout 
transverse  processes  on  the  cervical  vertebrae,  and  a single  articular  face  on 
the  posterior  cervicals.  Puppigerus,  Cope,  occurs  in  the  Miocene  of  New  Jersey. 


Superfamily  2.  CHELYDEOIDEA.  Baur. 

iVa  pariefo-squaviosal  arch.;  a foramen  palatimim  between  palatine  and  maxilla  ; 
articular  faces  between  the  sixth  and  seventh  cervical  vertebrae  not  plane;  nuchal 
without  lower  process,  but  with  more  or  less  strong  lateral  process  underlying  the 
peripherals  ; one  biconvex  cerviced  ; a complete  series  of  inf ramargincds. 

Family  1.  Thalassemydidae.  Riitimeyer.  {Acichelyidae,  Lydekker.) 

Temporal  fossae  of  skull  p>artialhj  roofed.  Shell  cordiform,  more  or  less  in- 
completely ossified,  the  fontanelle  in  plcistron  persisting  for  a long  period  or  throughout 
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life.  Nuchal  without  coatifvriii  process.  Plastron  connected  with  carapace  htj  axillanj 
and  iufiuinal  huttresses.  Humerus  u'ith  imperfecthi  developed  head  and  nearly  straight 
shaft.  Jdialanges  with  articular  comlyles,  all  the  terminal  ones  clawed.  Upper. Tura 
and  Cretaceous. 

Tliis  family  includes  a number  of  Mesozoic  genera  which  combine  the 
characters  of  l)oth  marine  and  marsh  turtles,  and  ai'e  probably  directly 

ancestral  to  the  Chelonidae.  They 
a])j)ear  to  have  been  mainly  of  marine 
habits.  The  very  inconi])lete  ossification 
of  the  carapace  and  j)ersistent  fontanelle 
of  the  plastron  present  the  same  conditions 
as  in  sea-turtles,  while  the  form  of  the 
plastral  elements  and  the  outwardly  bent 
extremities  of  the  hyo-  and  hypo-])lastrals 
aie  suggestive  of  marsh  forms.  The  five 
functional  toes  with  articulating  ])halanges 
were  all  clawed  and  probably  webbed  in 
life,  having  been  adajited  for  both  ]>ro- 
gression  on  land  and  foi’  swimming. 

Carapace  moderately  thick,  flattened,  with 
well-ossified  pleurals,  the  j)Osferior  neurals 
not  forming  a tectiform  ridge.  Vertebral 
shields  iianow.  Very  large  persi.stent 
vacuities  in  the  plastron.  U])j)er  .Tura; 
Switzerland  and  England. 

Eurysternum,  AVagler  {.Ichelonia, 
.Icichelys,  .liila.r,  J'alaeomeilusa,  v.  Meyer; 
Euryasjii.s,  AVagner),  (Fig.  .SO.I).  Carapace 
fiattemed,  distinctly  emarginate  anteriorly, 
with  the  pleurals  well  ossified  and  pos- 
terior neurals  not  forming  a tectiform 
ridge.  Vertebral  shields  very  wide,  mar- 
ginals long  and  narrow.  I’lasti’on  with  large  persistent  vacuities.  Upjier 
• lura  (Lithographic  .Stone);  ilavaria  and  Cerin,  Ain. 

Trojiidemys,  Kiitimex'er  ; Eelohatochel ys,  ^celoy.  C])per  .Jura  and  AVealden  ; 
l•hu•o|)e. 

Chitracephalus,  Dollo.  t'ranium  much  elongated  and  dejiressed,  with  an 
extremely  short  facial  legion,  and  temporal  fos.sae  not  roofed.  Cervical 
vertebi'ae  Avithout  transverse  processes.  Pleurals  narroAved  at  their  outer 
eud-s,  Avith  vacuities  Avithin  the  Avell-dcveloped  border  of  the  })eripherals. 
I’lastral  elements  similar  to  those  of  Chelone.  Digits  chiAved,  not  greatly 
elongated.  AA’ealden  ; Belgium.  C.  dumoni,  Dollo. 

I'ainily  2.  Chelydridae.  Agassiz. 

Te/njmral  region  of  sl'ull  incompletely  roofed  over ; no  parieto-scptarnosal  arch. 
Fronlals  c.ccluded  from  orbit  ; rna.rilla  separated  from  the  (ptad ratojugal ; squamo.sal 
in  connection  with,  postorhito-frontal.  Epidermal  shields  absent  in  some  cases  ; number 
of  neurals  complete  ; posterior  pleurals  meeting  in  the  median  lime.  Shell  usnally  not 


Thalassemys,  Biit.  {Emdiochelys,  Seeley). 
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fulhj  ossified  until  late  in  life,  riastron  frequentli/  small,  cruciform,  articulating  with 
the  carapace  hy  gomphosis  ; an  entoplastron  present.  Nuchal  cmarginute,  with  a long 
costiform  process  underlying  the  anterior  rnarginals.  Numher  of  tnarginals  eleven  ; 
a series  of  inframarginals.  Limbs  not  modified  into  paddles ; digits  moderately 
elongate,  icebbed  ; claws  four  or  five.  Upper  Jura  to  Recent. 

Tretosternuni,  Owen  (Feltochelys,  Dollo).  Carapace  with  pustulate  sculpture, 
the  anterior  border  deeply  emarginate  ; plastron  with  an  intergular  and  five 
pairs  of  plastral  shields.  Epidermal  shields  present.  Purbeck  and  Wealden  ; 
England  and  Belgium. 

Platychelys,  Wagner,  from  the  Upper  Jura,  is  sometimes  i-eferred  to  this 
family. 

Toxochelys,  Cope.  Skull  with  tympanic  ring  open.  Caudal  vertebrae 
procoelous,  with  well-developed  chevron  bones.  Upper  Cretaceous;  United 
States. 

Porthochelys,  Will.  Skull  broad,  alveolar  margin  very  deep.  Carapace 
completely  ossified,  smooth,  the  arrangement  of  bones  and  shields  nearly  as 
in  Chelydra.  Plastron  with  very  small  fontanelles  and  no  sternal  biidge. 
Upper  Cretaceous  ; United  States. 

Anostira,  Leidy.  Shell  with  vermiculated  sculpture  and  without  (or  with 
very  thin)  epidermal  shields.  Plastron  articulated  with  the  carapace  by 
suture,  and  bridge  without  distinct  inguinal  notch.  Skull  unknown.  Upper 
Eocene ; United  States. 

Pseudotrionyx,'Do\\o.  Eocene;  Belgium  and  England.  Ache  rout  emys.  Hay. 
Miocene ; Washington. 

Chelydra,  Schweig.  Shell  with  the  emargination  of  the  nuchal  not  very 
deep;  neural  bones  mostly  hexagonal;  supramarginal  shields  absent ; posterior 
border  of  carapace  serrated.  Miocene  to  Recent.  C.  mu rchisoni.  Bell.  Upper 
Miocene  ; Switzerland. 

Jlacroclemmys,  Gray  {Macrochelys,  Gray  ; Gypochelys,  Agassiz).  Recent. 

Family  3.  Dermatemydidae.  (tray. 

Skull  with  open  temporal  fossae  ; frontals  not  excluded  from  orbit ; maxilla  un- 
connected, with  quadratojugal,  and  squamosal  seqnirated  from  postorbito-fronlal.  Shell 
covered  with,  epidermal  shields  ; plastnd  bones  nine ; qolastral  shields  separated  from 
the  marginals  by  a series  of  inframarginals.  Plastron  united  -with  the  carapace  by 
suture  or  ligaments.  Nuchal  bone  produced,  into  costiform  processes,  underlying  the 
marginals.  Number  of  neurals  incomplete ; jmterior  qileurals  not  meeting  in,  the 

median  line.  Pubic  and  iscldadic  sympthyses  widely  separated.  Digits  moderately 
elongate,  claws  four  or  five.  Cretaceous  to  Recent. 

This  family  comprises  three  existing  genera  restricted  to  Central  America, 
and  a number  of  fossil  forms,  such  as  Adocus,  Agumph.us  {Amphiemys),  and  Poly- 
thorax,  Cope  ; Baptemys,  Leidy  ; and  Trachyaspis,  von  IVIeyer.  The  family  is 
intermediate  in  position  between  the  Chelydridae  and  recent  Cinosternidae, 
and  in  some  respects  suggestive  of  Pleurodires.  Adocus,  from  the  American 
Cretaceous,  was  made  by  Cope  the  type  of  an  independent  family,  character- 
ised by  the  abortion  of  the  heads  of  the  ribs. 

The  Cinosternidae,  including  Cinosternum  {Kinosternon),  Aromochelys,  and 
Goniochelys ; and  the  Staurotypidae,  including  Staurotypus  and  Claudius,  are 
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witliout  representatives  in  the  fossil  state.  The  same  is  true  of  the  third 
superfamily  recognised  by  Baur,  the  rL.vrvsTEKNOlDEA,  comprising  the  family 
Platysternidae  with  the  solitary  genus  I’kifiisteranm,  Gray. 

Superfamily  4.  TESTUDINOIDEA.  Baur. 

Hhnll  without  purietu-sqinunosal  arch,  and  squamosal  seqwrated  from  qntstorhito- 
frontal,  with  a foramen  palatinum  between  the  palatine  and  maxilla.  Articnlar 
facesbetween  the  sixth  and  seventh  cerrirul  vertebrae  not  plane,  and  txeo  of  the  cervicals 
biconvex.  Xarhal  without  well-developed  cost  form  processes  : series  of  inf ra  marginals 
incomplete. 

Faiiiilv  1.  Emydidae.  (Jray.  (Marsh  Tnrtle.s.) 

Shell  completebj  ossified-  in  the  adult,  covered  icith  ejiidennal  shiehls.  (.'arapace 
onhj  moderatehi  convex.  Plastron  sometimes  hinged,  with  long  sternal  bridge  and 
large  stermd  chambers,  the  marginals  of  bridge  without  median-  processes  interlocking 
with  the  rib-ends.  Plastral  bones  nine,  mesoplastron  and  intergulars  wanting.  Lateral 
tempored-  arch  nsualUj  present,  quadrate  open  behind.  Digits  short  and  stout,  the 
second  and-  third  xvith-  more  than  two  phalanges  ; claws  four  or  five.  I'ertiary  and 
Kecent. 

The  Emyds  or  Marsh  Turtles  are  very  closely  related  to  the  Land  Tortoises, 
and  are  sometimes  included  with  them  in  the  same  family.  The  shell,  how- 


'<f  dU'iinis  n*'lir(f.<rrn.'ti<.  . WliiU'  Hivpi- ( )II^oc»mib  ; SonUi  Dakota.  Plastron  and  canipac*e. 

J,;.  (aftt-r  laddy). 


ever,  in  the  Emyds  is  le.ss  convex,  the  sternal  chambers  are  larger,  and  their 
limbs  are  without  dermal  ossifications.  Their  di.stribution  at  the  present  day 
is  world-wide  with  the  exception  of  the  Australian  region.  Fossil  marsh 
turtles  make  their  hrst  appearance  in  the  Eocene,  and  belong  for  the  most 
part  to  existing  genera. 

Eiivis,  Dumeril  (Lutremgs,  Gray).  Neural  bones  short,  hexagonal  ; nuchal 
not  distinctly  emarginate.  Plastron  united  to  the  carapace  by  ligament,  and 
more  or  less  hinged  in  the  adult.  Eocene  to  Becent. 
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Ptijchogaster,  Pomel.  Neural  bones  short ; pleurals  alternately  long  and 
short  at  their  inner  and  outer  extremities ; nuchal  emarginate.  Hyoplastrals 
united  to  the  carapace  by  suture,  the  hypoplastrals  joining  it  by  a straight 
ligamentous  union,  and  movable  upon  a transverse  hinge.  Oligocene  or  Lower 
Miocene ; France. 

Stylemijs,  Leidy.  Skull  unknown.  Shell  with  the  general  characters  of 
Tesludo,  but  with  all  or  nearly  all  of  the  neural  bones  hexagonal,  with  short 
antero- lateral  surfaces ; the  nuchal  not  emarginate ; posterior  caudals  not 
alternating  in  length ; caudal  shield  undivided.  Oligocene  to  Pliocene ; 
Western  United  States.  S’,  nebrascensis,  Leidy,  the  type  species,  is  very 
abundant. 

Cisfado,  Fleming  (Fig.  299)  ; Cijdeirujs,  Bell.  Kecent.  Damonia,  Bellia, 
Nicoria,  Gray.  Pliocene  and  Recent.  Ocadia,  Gray ; Clemmys,  Wagler. 
Miocene  to  Recent. 

Family  2.  Testudinidae.  Gray.  (Chersidae.)  Land  Tortoises. 

Skull  with  open  temporal  fossae ; quadrate  closed  behind.  Shell  compleiely 
ossified  even  in  the  young,  more  or  less  ovoid,  and  covered  with  epidermal  shields. 
Plastron  suturally  united  with  the  marginals ; an  entoplasfron  present.  Sternal 
bridge  long,  sternal  chambers  very  slightly  developed  ; anterior  and  posterior  extremities 
of  hyo-  and  hypo-plastron  little  extended  inwards ; marginals  of  bridge  ivith  median 
processes  interlocking  with  rib  ends.  Skull  until  open  temporal  fossae  ; quadrate  closed 
behind.  Pubic  and  ischiadic  symphyses  firmly  connected  with  each  other.  Limbs  with 
free  digits,  which  are  short  and  moderately  elongate ; terminal  claws  four  or  five. 
Second  and  third  digit  of  pes  never  with  more  than  two  johalanges.  Tertiary  and 
Recent. 

Cinixijs,  Bell  {Kinixys,  Bell;  Cinothorax,  Fitz.).  Posterior  portion  of  cara- 
pace movable  in  the  adult,  hinged  between  the  seventh  and  eighth  marginals 
and  the  fourth  and  fifth  pleurals.  Gulars  distinct.  Recent ; Africa. 

Pyxis,  Bell.  Carapace  without  hinge ; front  lobe  of  plastron  mobile. 
Recent. 

Homopus,  Dum.  and  Bibr.  Carapace  and  plastron  without  hinge.  Palate 
without  oral  ridge.  Eocene  to  Recent. 

Hadrianus,  Cope.  Distinguished  from  Testudo  by  the  narrow  vertebral 
shields,  usually  hexagonal  neural  bones,  undivided  caudal  shield,  and  more 
uniform  length  of  extremities  of  the  pleural  bones.  Eocene  ; North  America. 

Testudo,  Linn.  {Colossochelys,  Falc.  and  Caut.  ; Manouria,  Gray  ; Xerohates, 
Ag.).  Neural  bones  short;  pleurals  alternately  short  and  long  at  their  inner 
and  outer  extremities  ; nuchal  deeply  emarginate.  Plastron  extensively  united 
with  the  carapace  by  suture ; buttresses  short,  never  extending  beyond  the 
edge  of  the  costals.  Vertebral  shields  broad,  costals  very  short.  Miocene  to 
Recent.  Some  Pliocene  species  attain  gigantic  size,  the  shell  of  T.  perpiniana, 
Deperet,  from  the  Pliocene  of  France,  having  a length  of  L2  m.,  and  that  of 
T.  atlas,  Falconer  and  Cautley,  from  the  Pliocene  of  the  Siwalik  Hills,  India, 
upwards  of  2 m. 


Sub-Order  C.  PLEUEODIRA.  Dumhril. 

Skull  ivith  outer  border  of  tympanic  cavity  completely  encircled  by  the  quadrate  ; 
pterygoids  very  broad  throughout,  forming  wing-like  lateral  expamsions,  and  not 
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separatiiKj  the  quadnite  and  hasisphenoid ; nasals  free  or  united  with  prefronfals  ; the 
latter  without  descendiiifi  processes.  Neck  beiulinq  lateralhj ; cervical  vertebrae  with 
strong  transverse  processes  and  single  articniar  faces.  Shell  nsualbj  covered  with 
epiidermal  shields;  a complete  series  of  marginal  bones  connected  with  the  ribs  ; 
epiplastra  in  contact  with  hgoplastra;  niesoplastrals  present  in  some  forms,  and  an 
intergnlar  in  all  cases  where  epidermal  shields  occur.  Pelvis  anrhglosed  to  carapace 
am!  plastron.  Digits  with  not  more  than  three  phalanges. 

In  this  gioup,  as  indicated  I)y  the  name,  the  neck  bends  laterally,  and  the 
j)elvis  is  anchylosed  to  the  carapace  and  jilastron.  A number  of  fossil  forms 
are  known  which  exhibit  characters  intermediate  between  Pleurodires  and 
Cryptodires,  and  are  here  considered  (following  Baur  and  Lydekker)  as  an 
independent  sub-order,  the  Amphiciielydia.  Existing  Pleurodires  are  re- 
stricted to  the  southern  hemisphere,  and  distributed  in  South  America, 
Southern  India,  Africa,  and  Australia. 

Family  1.  Proganochelyidae. 

Containing  only  the  primitive  I’roganocheh/s,  with  the  characters  of  that 
genus. 

Proga.nochelijs,  Baur  {Psummochel gs,  Quenst.;  ? Chehitherinm,  von  Meyer). 
The  following  description  of  tln.s,  the  most  ancient  of  all  Chelonians,  is 
condensed  from  Eraas  ; known  only  by  the  carapace  and  plastron,  in  one 
s])ecimen  about  0 65  m.  long  and  nearly  as  wide.  Carapace  moderately  convex, 
with  five  vertebral  shields  greatly  enlarged  and  the  costals  corresjiondingly 
reduced  ; a series  of  supramarginal  epidermal  scutes  at  the  antero-  and  jiostero- 
lateral  angles,  elevated  into  prominences  ; posterior  marginals  large  and  freely 
projecting.  Xeural  bones  small,  costals  large  and  extending  with  the  rib  ends 
as  far  as  the  plastron.  Sternal  bridge  long,  niesoplastrals  very  large,  lateral!}' 
expanded,  and  meeting  in  the  middle  line  ; epi-  and  ento-plastron  vert'  small. 
Pelvis  supjiorted  by  two  sacral  vertebrae  ; ribs  and  pelvis  connected  with  the 
carapace  and  plastron.  U|)])cr  Trias  (Stuben  Sandstone);  Wiirtemberg; 
/'.  ipienst'’dtii,  Baur  ( = Psammocheli/s  kenperiana,  ()uenst.). 

Family  2.  Miolaniidae.  Owen. 

Shell  known  onl g bg  fragments.  Idknil  with  complctelg  rmfed  temjmred  fossae,  ami 
furnished  with  horn -I  ike  bong  jirotnberances ; no  distinct  nasals;  vomer  dividing 
palatines.  Candal  vertebrae  ojiisthocoelons,  with  chevrons  ; tail  long  and  encased  in  a 
nodose  bong  sheath.  Pleistocene. 

Miolania,  Owen  (Ceratochelgs,  Huxley).  Cranium  with  three  pairs  of 
peripheral  jiromincnces  in  the  fronto-parietal  region,  the  head  measuring  in 
one  sjiecies  0'6  m.  in  width  to  the  tip  of  the  “horns.”  Habits  probably 
herbivorous  and  terrestrial.  Belated  to  the  Testudinidae,  according  to  Baur. 
Pleistocene  ; (Queensland  and  Lord  Howe’s  Island.  M.  platgceps,  Owen  ; M. 
oweni,  Sm.  Woodw. 


Family  3.  Chelyidae.  Gray. 

strong  parieto-sqnamosal  arch  ; posterior  narial  openings  bounded  hg  maxillae, 
palatines,  and  vomer;  frontal  unpaired ; nasals  free;  premaxillae  distinct.  Shell 
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covered  with  epidermal  shields ; plasfral  bones  nine ; no  iiiframarginal  shields. 
Tertiary  and  Recent. 

The  recent  genus  Chehjs,  Dumeril,  is  made  by  Baur  the  exclusive  repre- 
sentative of  this  family,  and  separate  families  are  established  for  each  of  the 
following: — -Hydromedusa,  Wagler  (Recent);  Chelodina,  Fitz.  (Pleistocene  and 
Recent) ; and  Ehinemys,  Wagler  (Eocene  to  Recent).  In  Chelodina  neural 
bones  are  absent,  and  the  external  surface  is  more  or  less  vermiculated. 


Fainilv  4.  Rhinemydidae.  Baur. 

A slender  or  broad  parieto-squamosal  arch  present ; posterior  narial  openings 
bounded  by  maxillae,  palatines,  and  vomer  ; frontal  paired  ; nasals  free  ; p>remaxillae 
distinct.  Tertiary  and  Recent. 

Ehinemys,  Wagler  (Phrynops,  Wagler  ; Hydraspis,  Bell).  Eocene ; India  ; 
and  Recent ; South  America.  Emydura,  Bonap.  Pleistocene  and  Recent. 
Platemys,  Wagler;  Elseya,  Gray.  Recent. 


Family  5.  Pelomedusidae.  Cope. 


Quadrat ofugal  not  in  connection  with  parietal ; vomer  rudimentary  or  absent.  Ko 
parieto-squamosal  arch  and  no  free  nasals;  prefrontcds  in  contact.  Second  cervical 
biconvex.  Plastral  bones  eleven  ; mesoplastr a present.  Tertiary  and  Recent. 

This  family,  as  limited  by  Baur,  includes  only  the  recent  Pelomedusa, 
Wagler,  and  Sternothaerus,  Bell.  Cope  regards  the  latter  as  the  type  of  an 
independent  family,  on  account  of  the  complete 
mesoplastrals.  The  Podocnemididae  differ  from 
the  preceding  genera  in  having  the  quadratojugal 
connected  with  the  parietals.  Under  this  head  are 
included  the  follow- 

' chelys, ^ Baiin  ^'Reeen^^  "" 

Taphrosphys,  Cope, 
from  the  Upper  Cre- 
taceous of  New  Jersey 
and  New  Zealand. 

The  genus  Ehino- 


Fig.  305. 

Podocnemis  expuasa,  Wagler. 
Recent ; Brazil.  Visceral  aspect  of 
posterior  end  of  plastron,  showing 
places  for  attacfmient  of  pubes  and 
iscliia,  .r,  y (after  Riitiineyer). 


Fig.  306. 

llhiiioclidys  miifahriyien.df,  Lyd. 
Cambridge  Greensand.  Skull,  i/i. 
-1,  Orbit;  fr,  Frontal;  N,  Nostril: 
na.  Nasal ; po.  Parietal ; }>mx,  Pre- 
maxilla : pi-f.  Prefrontal ; jitf,  Post- 
frontal (after  Lydekker). 


chelys,  Seeley  (Fig.  306),  from  the  Cambridge  Greensand,  known  by  well- 
preserved  skulls  and  various  fragments,  is  of  uncertain  family  position. 


Family  6.  Plesiochelyidae. 

Skull  with  temporal  fossae  roofed.  Shell  usually  thick,  without  mesoplastrals,  and 
with,  either  a reduced  or  the  full  number  of  neurcds  and  sup rapy gals  ; only  the  pubis 
rmiting  with  the  xiphiplastral ; entoqdastral  small;  inframargincd  shields  at  least 
usually  pn-esent.  Sometimes  a plastrcd  vacuity.  Phalangecds  reduced.  Upjier  Jura. 
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Idiorheh/s,  v.  Meyer  {Chelonetiuis,  Jourdau).  Shell  with  deeply  emarginate 
nuchal  ; iieurals  frequently  short  and  interrupted,  never  exceeding  seven  in 
number,  and  not  connected  with  the  one  suprapygal.  ^’ertel)ral  shields  very 
broad.  Lithographic  Stone  ; Bavaria  and  Cerin,  Ain.  I.  fitziiKjcri,  v.  Meyer. 

1‘lesiochfd ifs,  But.  {Sfi/lerni/s,  Maack,  non  Leidy),  (Fig.  307).  Shell  attaining 
a length  of  0'5  in.,  circular  or  cordiform,  relatively  thick,  considerably  vaulted 


I'lnslorli'hi.-i  .■iiilothm’iixis,  Hutimi‘yi'1'.  .Ima  (Kimineriil';iaii) ; Sulotlmrn,  Switzeiiaml. 

1 s Kiitimeyer). 

in  the  ailult,  and  with  or  without  a jiersistent  jilastral  vacuity.  Xuchal  more 
or  less  emarginate  ; neurals  generally  long  and  narrow,  eight  in  number,  and 
connected  with  the  first  of  the  three  siiprajiygals.  I’lastral  bridge  long; 
sulcus  between  abdominal  and  femoral  shields  ascending  towards  the  hypo- 
plastral  suture,  and  terniinating  in  the  middle  of  the  inguinal  notch.  Upper 
dura;  (Germany,  Switzerland,  and  France. 

Jli/dropclfa,  J‘(irarheli/s,  v.  Meyer.  Ujiiier  dura  ; Europe.  Ih/laeorheh/s,  Lyd. 
Upper  dura  and  \Vealden  ; Kuro]ie. 

Sub-Order  D.  AMPHICHELYDIA.  Lydekker. 

\ii  sals  free : a sqaaiiniso-iiurietal  arch:  ilescendinr]  processes  of  prefrontals 
joiiiinq  roiiicr  : slopes  in  an  open  groove  of  the  <pindraie ; pterygoids  narrow  in  the 
iniddie,  icitliont  wing-like  lateral  expansions,  separating  quadrate  and  hasisphenoid  ; 
e pi pterggoid  well  derelojted  and  free ; dentarg  hones  distinct.  Cervical  vertebrae 
with  well-developed  transverse  processes,  with  single  articular  faces,  biconcave; 
,hrs(d  and  sacral  vertebrae  with  well -developed  ribs.  Pelvis  not  anchylosed  to 
the  carapace  and  plastron.  Epiplastra  in  contact  with  hyoplastra,  entoplastron 
oral  or  rhondioidal  : a complete  series  of  marginals  connected  with  the  libs. 

The  foregoing  definition  of  this  .sub-order,  as  given  by  Baur,  is  based 
largelv  ujion  the  genus  Compsemys,  Leidy,  oldest  North  American  tortoise,  of 
which  nearly  all  parts  of  the  skeleton  are  known.  The  group  was  established 
by  Lydekker  to  include  a number  of  generalised  later  Mesozoic  forms  having 
a shell  constructed  on  the  plan  of  that  in  Cryptodires  and  Pletirodires,  in 
which  nieso])lastral  bones  and  an  intergular  shield  are  developed.  The  pubis 
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may  articulate,  without  sutural  union,  with  the  xiphiplastral.  The  coracoid 
and  humerus  are  of  a Pleui’odiran  type. 

Family  1.  Pleurosternidae.  Lydekker. 

A provisional  assemblage  embracing  a variety  of  generali.sed  fossil  forms, 
and  to  be  regarded  as  ancestral  to  both  Cryptodires  and  Pleurodires. 

Pleiirosfermnn,  Owen  {Megastenuun,  Gray).  Carapace  much  depressed, 
rounded  posteriorly,  without  vacuities,  and  firmly  united  by  a long  bridge  on 
each  side  with  the  jdastron,  which  is  also  continuous.  Surface  of  shell  very 
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Plaiych^eli/s  ohenulorfrrl,  Wagner.  Upper  Jura;  Kelheini,  Bavaria.  1/4.  A.  Carapace.  J>,  Fla.stroii.  i>>, 
Brachial  shield  ; Ep,  Epiplastron  ; GS,  Gular  shield  ; Hpp.  Hypoplastron  ; Hyp.  Ilyoplastrcfu  : /G.S,  Intergiilar ; 
LS  i-iv.  Laterals  : J/p,  Mesoplastron  : Jf.S,  Marginal ; JV.5  i*v,  Xeiiral  or  vertebral  shields  ; Supramarginal ; 
Xp,  Xiphiplastron  ; ci-9,  Costal  plates  , Entoplastron  Neural  plates;  nuch.  Nuchal;  py,  Pygal  t.  Pit 

for  attachment  of  ilium.' 

finely  pitted  and  deeply  impressed  with  the  suture-lines  of  the  epidermal 
shields.  Neural  bones  moderately  elongated,  hexagonal,  with  their  antero- 
lateral surfaces  short.  Mesoplastrals  well  developed,  meeting  in  the  middle 
line  ; entoplastral  relatively  large  ; xiphiplastrals  deeply  notched.  No  nuchal 
shield ; intergular  shield  not  divided  ; inframarginals  present.  Pectoral  arch 
resembling  that  of  the  existing  Chehjs.  Upper  Jura  : Plngland. 

Platychehjs,  'Wagner  {Hehmys,  Eiit.),  (Fig.  308).  Carapace  somewhat 
depressed,  with  a number  of  more  or  less  distinct  ridges  or  prominences  on  the 
neurals  and  costals.  Neurals  short  and  of  irregular  contour,  the  width  usually 
much  exceeding  the  length.  Bridge  short.  ^lesoplastrals  not  meeting  in  the 
middle  line.  Vertebral  shields  much  wider  than  long ; nuchal  shield  present  ; 
intergular  undivided.  No  articulation  between  pelvis  and  plastron  (Lydekker). 
Upper  Jura;  Bavaria,  France,  and  England.  [This  genus  is  included  by  von 
Zittel  with  the  Chelydridae.l^ 

Baaia,  Leidy.  Intergular  shield  divided,  and  xiphiplastral  with  depressions 
which  appear  to  have  received  the  pubis  and  ischium.  Mesoplastrals  meeting 
at  the  middle  line,  but  with  the  median  ends  much  narrower  than  the  outer 
ends.  Upper  Cretaceous  and  Eocene  ; United  States. 
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Comj)semijs,  Leidy.  Known  liy  nearly  all  parts  of  the  skeleton,  with 
characters  as  given  in  the  definition  of  the  sub-order.  Mesoplastron  complete, 
very  much  resemliling  that  of  Fleurostermnn.  Hinder  lobe  of  plastron  not 
notched.  Upper  Jura;  Kocky  Mountains. 


[Acknowledgments  are  due  to  IJrs.  S.  AV.  Williston,  E.  C.  Case,  and  the  late  G.  Baur  for 
assistance  in  the  revision  and  extension  of  the  foregoing  chapter  on  Chclonia.  The  published 
writings  of  Baur,  Boulenger,  and  L3'dekker  have  also  been  freely  drawn  upon. — Eni  rou.] 


Order  7.  CROCODILIA.  {IL/drosaitria,  Loricafa.)^ 

Ltard-Ulce  reptiles,  nsuuUij  of  large  size,  with,  long,  keeled,  swimming  tail,  and 
entire  hodg  covered  with  horng  scales,  underneath,  which  along  the  hack  ami  abdomen 
are  usaalhj  rows  of  dermal  plates.  Investing  bones  of  temporal  region  contracting 
into  an  upper  and  a lower  arcade;  quadrate  immovabhj  attached  to  the,  skull; 
secondarg  bong  p>alate  developed ; pmrietal  foramen  wanting ; teeth  deeplg  socketed, 
confined  to  margin,  of  jaws.  Vertebrae  amphiplatgan  or  procoelous,  and  among  the 
earlier  forms  amphicoelous.  Cervicals  with  short,  double-headed  ribs  attached  to 
centra. ; dorsal  ribs  long,  double-headed,  attached  to  transverse  processes.  Sternum 
ossified;  abdominal  ribs  present.  Sacrum  composed  of  two  vertebrae.  'Two  pairs  of 
limbs  adapted  for  sw'imming  and  for  habitual  support  of  the  bodg. 

Crocodiles  possess  the  highest  internal  organisation  known  amongst 
reptiles.  Their  general  form  resembles  that  of  lizards  and  Khyncho- 
cephalians,  but  their  skeletal  structure  is  radically  different ; while,  on  the 
other  hand,  there  is  a fundamental  resemblance  between  their  respiratory 
organs  and  those  of  birds.  True  Crocodilians  ai'e  apparently  initiated  in  the 
Lias,  and  their  subse((uent  evolution  is  clearly  traceable,  but  their  jiredecessors 
in  the  Trias  {Fai'asuchia)  are  with  difficulty  distinguished  from  Khyncho- 
cephalians  and  Dinosaurs. 

Sub-Order  1.  PARASUCHIA.  Huxley. - 

I'remaxillae  greatlg  elongated.  External  nares  separate  and  placed  far  backward, 
in  proxdmitg  to  the  small,  upwardlg  directed  orbits;  internal  nares  occuqn/ing  their 

' Lituratuie  : 

JlruhP  ('.  J!.,  Das  Skclet  der  Krokodilieu.  Mcnna,  18(12. — lloNo.  /,.,  Pieiiiicre  note  sur  les 
( 'rovodilieus  ile  Bernis,sart  (Hull.  .Mus.  Roy.  d'Hist.  Nat.  Bvlg.  vol.  II.  j).  309),  1883. — VI ray,  J.  K., 
Synoiisis  of  tlie  jii)ecifs  of  recent  Crocodilians  (Trans.  Zool.  Soc.  vol.  VI.),  1802. — Huxley,  T.  //.. 
Notes  oil  the  specific  and  generic  characters  of  recent  Crocodilia  (I’roc.  Linn.  Hoc.  vol.  IV.  [it.  1), 
1800. — Kiikeii,  Die  Dinosanrier,  Crocodilien  nnd  Sanropteiwgier  des  norddentschen  Wealden 

(I’alaeont.  AMiandl.  Dames  nnd  Kayser,  vol.  III.),  1887. - Die  Reptilien  der  norddeutsclien  unteren 
Kreide  (Zeitschr.  dentscli.  geol.  Ges.  vol.  XXXV.  p.  792),  1883. — Ou-eit,  II.,  Monogra|)h  of  the  fo.ssil 
Rejitilia  of  the  Lomlon  (’lay  (I’alaeontogr.  Soc.),  1849-.oS. — Monograph  of  the  fossil  Reptilia  of  the 
Wealden  atnl  Pnrbeck  Formations  {iln'il.j,  18.73-04. — On  the  association  of  dwarf  C'rocoililes  with  the 
diminutive  Mammals  of  the  Pnrlieck  Shales  (Quar.  .lonrn.  Geol.  Soe.  vol.  XXXV.  ]i.  148),  1879. — 
1‘nrk.r.  If.  K..  On  the  structure  and  develoi>ment  of  the  skull  in  the  Crocodilia  (Trans.  Zool.  Soc. 
vol.  .XI.  . 1883.— IlVioi/icrt/y/,  ,1.  ,S'.,  On  the  literature  and  nomenclature  of  Hriti.sh  fossil  Crocodilia 
(Geol.  -Mag.  [3|.  vol.  II.  ]i.  490).  188.7. — The  history  of  fo.ssil  Crocodiles  (Proc.  Geol.  Assoc,  vol. 
I.X.  . Lssti. 

- Literature  : 

Cope,  E.  I).,  On  the  Reptilia  of  the  Tria.ssic  Formations  of  the  Atlantic  Region  of  the  Uniteil 
States  (I’roc.  Amer.  Phil.  Soc.  vol.  XL  ]i.  444),  1871. — /it'rl.  vol.  XVIII.  (1878),  p.  213. — Huxley, 
T.  II.,  On  Stagonolepis  robertsoni,  and  on  the  evolution  of  the  Crocodilia  (Quar.  .Journ.  Geol.  Soc. 
vol.  XXXI.  p.  423),  187.7. — Mnruli,  O.  C'.,  On  Belodon,  etc.  (Amer.  .lourn.  Sci.  [3],  vol.  L.  )).  487), 
1895.— d/cycr,  H.  voii,  Ueber  Belodon,  etc.  ( Palaeontogr.  vol.  X.  p.  227),  1863. 
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primitive  position  on  either  side  of  th,e  vomers.  Palatals  and  pteri/goids  not  meeting 
in  the  middle  line.  Supratemporal  vacuities  verg  sincdl ; lateral  vacuities  large,  cow- 
pletelg  enclosed.  Parietals  and  frontals  paired ; p>ostorhitals  distinct.  Teeth  with, 
anterior  and  j^osterior  carinae.  Vertebrae  amphiplatyan.  Coracoid  short  and 
rounded;  clavicles  g^resent.  Pubis,  ischium,  and  ilium  all  entering  the  imperforate 
acetabulum. 

The  Parasuchia  of  the  Trias  are  commonly  regarded  as  ancestors  of  the 
lonsirostrate  Crocodilians,  which  they  resemble  in  numerous  features,  such  as 

C 


Fig.  30i>.  art  Sq 

Bdodon  kapjfi,  v.  Meyer.  Upper  Keuper  ; Stuttgart,  Wurteniberg.  Skull  from  superior  (-4),  palatal  (/>‘),  an<l 
lateral  (C),  aspects,  Vr*  -4,  Orbit;  ang,  Angular;  art,  Articular;  bo,  Basioccipital ; ch,  Internal  nares  ; iJ, 
Dentary  ; D,  Antorbital  vacuity ; D'.  Mandibular  vacuity  ; exo,  Exoc{*i]>ital ; fr.  Frontal ; jn,  Jugal ; I,  Lacliry- 
inal ; vix,  Maxilla  ; N,  External  narial  openings  ; na,  Nasal ; pa,  Parietal ; pi,  Palatine  ; pmx,  Premaxilla  ; por, 
Postorbital;  prf,  Prefrontal;  pt,  Pterygoid;  ptf,  Postfrontal;  qu,  Quadrate;  qtij,  Qua<lrato-jngal ; S,  Lateral 
temporal  vacuity ; S',  Supratemporal  vacuity ; sg,  S<iuainosal  ; co.  Vomer. 

their  considerable  size,  armouring  of  the  trunk  region,  elongated  rostrum, 
coarsely  sculptured  cranial  plates,  separation  of  the  lateral  temporal  vacuities 
from  the  orbits,  socketed  teeth,  structure  of  the  lower  jaw  (which  is  pierced 
in  its  hinder  half  by  a vacuity),  and  prevalence  of  double-headed  rilis.  But 
in  addition  to  these  characters  they  possess  others  which  render  their  associa- 
tion with  Dinosaurs  or  Ehynchocephalians  equally  justifiable.  Among  features 
they  share  in  common  with  Dinosaurs  may  be  mentioned  the  divided,  remotely 
VOL.  II  1’ 
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situjited  extenuil  iiures,  large  antorhital  vacuities,  form  of  the  jitervgoids  and 
liasispheiioiil,  and  the  upwardly  directed  transverse  processes  of  the  anterior 
dorsal  vertebrae.  With  the  Uhynchocephalians  they  agree  in  having  an  in- 
dependent postorbital,  paired  parietals  and  frontals,  an  extensive  bony  palate, 
internal  nares  occipiying  their  jiriniitive  jiosition  on  either  side  of  the  vomers, 
well-developed  alidominal  ribs,  and  a similar  clavicle  and  coracoid.  The 
remaining  bones  of  the  pectoral  arch,  as  well  as  those  of  the  pelvic  girdle  and 
appendicular  skeleton,  are  intermediate  in  form  between  the  corresponding 
parts  of  modern  Crocodiles  and  Khynchoce])halians. 

The  rarat>ticlna  are  accordingly  to  be  regarded  as  a collective  type  of  reptiles, 
from  which  the  crocodilian  stem  early  diverged  and  entered  upon  an  indepen- 
dent course  of  evolution.  I’arasnchian  remains  are  more  or  less  fragmentary, 
and  limited  to  the  Trias  of  Europe,  Asia,  and  North  America. 

Iklodon,  V.  Meyer  {1‘ln/fosaimts,  daeger),  (Figs.  30‘J,  310).  This  is  the  only 
accurately  known  genus,  and  is  represented  by  excellently  preserved  skulls, 

with  portions  of  the  skeleton  and 
dermal  armour,  in  the  U])per 
Keuper  of  Stuttgart.  It  is  about 
as  large  as  modern  crocodiles,  the 
skull  attaining  a length  of  0'7  m. 
External  cranial  liones  pitted  and 
rugose  ; lateral  eustachian  ]>assages 
occupying  open  grooves  on  the 
liasisphenoid  ; secondary  palate 
not  developed.  Dorsal  armour 
consisting  of  two  longitudinal  rows 
of  large,  overlapping  keeled  scutes 
with  coarse  ornamentation  ; sides  and  abdomen  covei'ed  with  smaller,  more 
irregular  scutes.  Detached  teeth  not  uncommon  in  tlie  Keuper  of  Wiirtem- 


I’.rloiltiii  h'jilli,  V.  Mrycr.  rj)|)»T  Kcujiit;  WiirtoiiiluTj;. 
Doisa!  .scut'-.  I -(aft'T  II.  v.  Mi-y»*r). 


ber< 


1‘h'agmentary 


and  Franconia. 

remains  also  known  from  the  Trias 
of  North  Carolina,  J’cnnsylvania, 

Connecticut,  New  Mexico,  Arizona, 
and  Ctah. 

S/af/(itiolrjiis,  iVgassiz.  Similar  to 
lii'ldiloii,  but  teeth  with  tumid  base. 

Neutral  armour  consisting  of  from 
li\e  to  eight  rows  of  rectangular 
.‘•cutes.  Elgin  'I'rias. 

I'lirKsiirliHs,  Huxley  ; Ejiisi'aiKi- 
.oninis.  Cojie.  These  aie  imjierfectly  known  genera,  the  former 
(londwana  Formation  of  Maleri,  India,  and  the  latter  from  the  New 


I'lci.  :ni. 

riii/f  n(i>in(t,  .Mc\vr.  Ultpcr 
ItoMiiiKS  Havaria.  Vi-nlral  aniiour,  J 4 
Mry.T). 


■|  ria.s : Uuli* 
(attrr  H.  V. 


from  the 
.Mexican 


'Trias. 


? I’srplioilfriiiii,  V.  IMeyer  (Fig.  .'ill).  Known  by  fragments  of  dermal 
armour  from  the  .VIpine  Cp[)er  Trias,  and  foiauei’ly  referred  to  Chelonians 
( ! )enHiirhchi(Uihic). 
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Sub-Order  2.  PSEUDOSUCHIA.  Zittel.i 

Fremaxillae  reduced;  nasals  venj  lanje.  External  riares  jniired,  placed  far 
fonvards;  internal  nares  separate,  in  about  the  middle  of  tJi,e  palate.  Orbits  large, 
laterallji  directed.  Parietals  and  frontals  paired  ; postorbital  distinct.  Teeth  conical, 
deephj  socketed,  confined  to  anterior  half  of  the  jaws.  Vertebrae  amphiplatgan  ; 
cervical  ribs  hatchet -shaped,  double -headed.  Fore-limb  slighthi  shorter  than  the 
posterior  ; fifth  digit  of  pes  reduced,  comprising  but  a single  phalanx.  Dorsal  armour 
consisting  of  a paired  series  of  oblong  scales. 

Aetosaurus,  Fraas  (Fig.  312).  Body  lizard-like,  loiigicaudate,  with  dorsal 
and  ventral  armouring  of  radially  ornamented  scutes ; ventral  scutes  smaller 
than  the  dorsal,  and  almost  square.  Skull  triangular,  acuminate  in  front. 


Artosaiu'us  Fraus.  Upper  Keuper  ; Heslaeh,  near  JstuttKart.  Head  and  anterior  ))nrtioii  of  trunk,  ^/-j. 

.-I,  Orbit ; J>,  Aiitorbital  vacuity  ; A,  Xarial  openiii};  ; .S,  lateral  temporal  vacuity  (atter  ( >.  Fraas). 

Antorbital  vacuities  large,  separated  from  the  large  external  nares  by  a narrow 
ascending  process  of  the  maxilla.  Posterior  border  of  the  orbits  formed  liy 
the  postfrontal  and  postorbital,  the  inferior  border  by  the  jugal.  Parietals 
and  frontals  similar  in  form  and  size.  Tenqioral  region  imperfectly  known. 
Mandibular  rami  jiierced  by  a large  foramen  between  the  articular  and  angular. 
Interclavicle  blade-like.  Twenty-four  complete  but  slightly  crushed  in- 
dividuals are  preserved  in  the  Stuttgart  Museum,  all  on  a single  slali  of 
Stuben  Sandstone  (Upper  Keuper),  from  Heslaeh,  near  Stuttgart.  The  largest 
of  these  has  a total  length  of  86  cm. 

Dgoplax,  Fraas.  Upper  Keujoei’ ; Stuttgart.  Tijpothorax,  Cojie.  Trias; 
New  Mexico. 

Ornithosuchus,  Newton.  Skull  pointeil  in  front,  very  similar  to  Aetosaurus. 
Orbits  large,  snpratemporal  vacuities  small,  the  lateral  ones  triangular.  Teeth 
slightly  recurved,  rvith  finely  serrated  anterior  and  *|rosterior  cutting  edges. 
Vertebi'al  centra  elongated,  with  very  stout  neural  s})ines.  Ilium  elongated, 
ischium  slender,  jiubis  long  and  rod-like.  Elgin  Trias.  0.  'wood ward!,  Newton. 

Erpetosaurus,  Newton.  Skull  narrow  and  rounded  in  front.  Orbits  sub- 
ellijitical,  directed  upwards  and  forwards.  Snpratemporal  vacuities  round,  the 
1 Liteniture  : 

Frans,  ().,  Ueber  Dyo[ilax  areiiaeeu.s  (Wiirtt.  .labresli.  vol.  XXIII. ),  18157. — Aetosaurus  I'erratus 
(iljid.  vol.  XXXIII.),  1S77. — Xeirtou,  F..  T.,  Rejitiles  from  tlie  Elgin  Sandstone  (Phil.  Trans,  vol. 
CLXXXV.),  1894. 
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lateral  ones  triangular,  and  antorbital  opening  long  and  narrow.  External 
nares  small ; interclavicle  bladedike  ; dorsal  scutes  coarsely  scnljitured.  Elgin 
Trias;  Scotland. 


Sub-Order  3.  MESOSUCHIA.  Huxley.i 

Snout  ijreatbi  elongated  in  the  earlier  forms,  short  and  broad  in  some  of  the  later. 
External  nares  unpaired  and  terminal ; internal  nares  confluent,  opening  at  posterior 
margin  of  the  secondarg  palate  formed  hg  plates  of  the  maxillae  and  palatines,  there 
being  no  outgrowths  from  the  pterggoids.  Eustachian  passages  open  grooves  on  the 
basisphenoid.  rarietal  and  frontal  unpaired.  Vertebrae  amphicoelous,  or  more 
rarelg  ampldplatgan.  Clavicular  dements  wanting.  Coracoid  elongated,  with,  slight 
perforation.  1‘ubis  excluded  from  acetabulum,  and  borne  on  an  anterior  process  of  the 
ischium.  Anterior  extremities  pcntadactglate  ; ffth  digit  of  pes  rudimentarg. 

The  Mesosuchia,  which  comprise  all  the  Jurassic  and  a few  Lower  Creta- 
ceous crocodiles,  were  separated  by  Huxley  from  the  later  Eusuchia  chieHy  on 
account  of  differences  in  the  palate,  eustachian  passages,  and  vertebral  centra. 
In  the  present  group  the  ])terygoids  do  not  develoj)  secondary  plates  to 
lirolong  the  canal  of  the  nares,  which  opens  at  the  hinder  margin  of  the 
palatines  ; the  eustachian  canals  are  not  closed  ; and  the  vertebrae  in  all  but 
the  latest  forms  are  amjihicoelous.  Like  the  tyjiical  Cretaceous  and  modern 
families,  the  Mesosuchia  compi’ise  both  long-snouted  and  broad-snouted  croco- 
diles, the  latter,  however,  not  appearing  until  the  Purbeckian.  All  excejit  the 
latest  forms  are  adapted  for  an  exclusively  aquatic  life,  and  are  known  from 
Europe,  Madagascar,  Ihitagonia,  and  perhajis  North  America. 

Section  1.  Lon(;ikostkes.  Lydekker. 

Snout  greatlg  produced.  Xasals,  as  a rule,  not  reaching  the  jrremaxillae  ami 
c.rternal  nostril.  Mandibular  rami  united  in  a long  sgmphgsis  formed  bg  the  dentarg 
and  s/denial.  Vertebrae  amjdticoelous. 

Faiuily  1.  Teleosauridae.  Zitlcl. 

Teeth,  conical,  slender,  closelg  set.  Orbits  entirelg  enclosed,  superioiig  or  more 
rarelg  laterallg  directed,  and  notablg  smaller  than,  the  sub  rectangular  supratemporal 
vacuities.  Prefrontals  small,  lachrgmals  well  developed.  Antorbital  vacuities  small, 
laterallg  placed.  .Interior  lim,b  onlg  about  half  as  long  as  the  hinder  pair.  Dorsal 
armour  consisting  of  a paired  series  of  broad,  overlapping  plates;  ventral  j'lates 
suturallg  united,  forming  sereral  more  or  less  irregular  series,  or  a mosaic  of  small 
polggonal  scutes.  Jiu'a. 

' Literature  : 

il'Alloix,  J/.,  and  liimnciMer,  II.,  I)er  I'o.ssile  (taviale  von  Roll.  JIalle,  18.')4. — Broun,  II.  <1., 
and  Kniiji,  .1.  Ueber  die  gavialartigeu  Re]itilien  der  Liast'ormation.  Stuttgart.  1841. — hollo,  L., 
I’reiuic-re  note  .sur  les  Crocodilieus  de  Rernissart  (Bull.  Mus.  Roy.  d’Hist.  Nat.  Relg.  vol.  11.  [i.  809), 
1883. — heHloiojrhamjts,  E.  K..  Notes  palroiitologiques.  Caen  and  Paris,  1863-69. — Le  Jura  Nor- 
niaud.  Caen  and  Paris,  1877-78.  — Drslonijclnniiji.s,  ./.  ,1.  E.,  Memoir  sur  les  Teleosauriens  de 
rejjO((ue  iurassi(jue  (Mem.  Soc.  Linn.  Norm.  vol.  XIII.),  1863. — Eruas,  E..  Die  Meerkrokodile 
(Wiirtt.  naturw.  .laliresli.,  vol.  L\'II.  p.  409),  1901. — Palaeontogr.  vol.  XLIX'.  ])]).  1-72,  1902. — 
Iliilhr,  ./.  IP..  Skeletal  .Anatomy  of  tlie  Mesosuchia  ( Proc.  Zool.  Soe.  London,  ])t.  4),  1888. — 
Kokrn.  A'.,  Tlioracosaurus  maerorhymdius  Rl.,  aus  der  Tutrkreiije  von  Mae.strielit  (Zeitschr.  deiitscli. 
geol.  (les.  vol.  XL.  p.  754),  1888. — Lortet,  L.,  Les  Rejitiles  fossiles  du  Bassin  du  Rhone  (Arch. 
-Mus.  d'Hist.  Nat.  Lyon,  vol.  V.),  1892. — Soiirio/r,  E..  Meunoir  sur  les  Dinosaurs  et  les  Crocodilieus 
des  terrains  jurassiipies  de  Roulogne-sur-Mer  (Jlem.  Soc.  (4701.  France  [2],  vol.  X.),  1874. — W'inck/cr, 
T.  <;.,  fitude  sur  le  genre  Mystriosaurus  (Arch.  Mus.  Tylere,  vol.  IV.  pt.  1 ),  1876. 


ORDER  YII 


CROCODILIA 


213 


The  members  of  this  family  closely  resemble  modern 
general  appearance,  except  that  they  have  smaller  heads 
and  more  meakly  developed  fore -limbs.  The  principal 
diflerences  are  to  be  found  in  the  characters  of  the  palate, 
eustachian  passages,  vertebral  centra,  ventral  armour,  and 
absence  of  hypajjophyses  in  the  cervical  region. 

Jlysfriosaurus,  Kaup.  Skull  attaining  a length  of  1 m.. 
and  total  length  upwards  of  6 m.  Snout 


gavials  in 


size  and 


gradual  Iv 


tapering ; orbits 


superiorly 

directed.  Teeth  imjrlanted  nearly  ver- 
tically, with  anterior  and  posterior 
carinae.  Known  by  complete  skeletons 
from  the  Upper  Lias  of  Wiirtemberg, 
Franconia,  and  England,  d/.  hollensis, 
Cuvier;  31.  chapman),  Konig. 


Fio.  313. 

Pelagos^i.uras  temporalis. 
Blv.  sp.  Upper  Lias : 
Curcy,  Calvados.  Pos- 
terior half  of  skull,  show- 
ing typical  mesosuchian 
palate,  i o-  ^*0;  Basioc- 
cipital ; cJi.  Internal  nares  : 
j,  Jugal ; rnj:,  ^Maxilla  ; />?, 
Palatine  ; pt.  Pterygoid  ; 
qu,  Quadrate.  - 


Mx. — 


Fk..  314. 


rdeosauruscadrymensis,  Cuvier  sp.  Bathonian  : Caen,  Calvados.  A,  Palatal ; B.  Lateral : C.  Superior  aspects 
of  skull.  D.  Mandible.  _4.  Orbit;  ang,  Angular;  art.  Articular;  ho.  Basioccipital ; hsph,  Basisphenoid  ; cli, 
Internal  nares  ; D.  :Mandibular  vacuity  ; (J.  Bentary  ; fr,  Frontal ; la,  Lachrymal ; nu:.  Maxilla  ; na,  Xasal ; op, 
r^plenial ; Parietal : pL  Palatine  ; pmj\  Preinaxilla  ; prf.  Prefrontal;  qu,  Quadrate;  qui  Quadrato-jugal ; 
-S,  buprateinpoial  ^ acuity  ; , Lateral  temporal  vacuitv  ; rq,  Srjuamosal ; t.  Transverse  (ectopterv'^oid)  • x\  Sur- 

angular  (after  E.  Deslongchamps). 
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I'etof/osanrus,  llronn  (Fig.  313).  Like  the  [)recc(liiig,  hut  much  smaller, 
the  snout  taj)eriiig  more  gradually,  and  orbits  laterally  directed.  Antorbital 
vacuity  much  reduced  or  absent;  suborbital  vacuity  in  the  jialate  large; 
posterior  narial  opening  of  pyriform  outline.  /'.  llronn,  about  1 m.  in 

length;  some  species  2 m.  Lpjier  Lias  of  Southern  (lermany  and  France. 

Sfeneosaiinis,  Geoh.  [S('rico<loii,  v.  Meyer).  Differs  from  Miistrinsaurus  in 
having  the  jiosterior  narial  ojiening  rounded,  palatines  more  expanded,  and 
frontal  small.  Up]>er  Lias  to  Kimmeridgian. 

Teleosanrax,  Geotl.  (Figs.  314,  315).  Sknll  much  elongated  and  narrow; 
snout  flattened,  thin,  with  rectilineal'  edges;  teeth  curved  outwards;  orbits 


-I  11 


Fig.  oJo. 

Tf  h o.^mn  ns  ('nvi«*r  >i>.  Hallioiijan  : Nt'i  niandy. 

I'nrtioii  I'f  dorsal  (.1),  and  vmlivil  (Ji)  annon?-  (n*ston-d  aft»*r  K.  I )b*slon;:cliain]js). 

circular,  superiorly  directed.  Dorsal  scutes  longitudinally  keeled  in  sacral  and 
caudal  regions  : ventral  armour  extending  between  the  limb  girdles.  Lower, 
(Middle,  and  l*])pei’  dura.  T.  ra(l(rmeHsis,  Geoff 

-leolodon,  v.  Meyei’ ; Cronulil/'hinis,  dourdan  ; Tel/’idimnnis,  Deslong.  U]iper 
•Tura. 


Family  2.  Metriorhynchidae.  ZiltG.  {niahitfosachia,  Eraas.) 

Orltils  ctiflreh/  Piidoseil,  I'loitf/afpi/,  htleralli/  glared,  tedh  sderofic  ring.  Fre- 
fron'dh  large:  nasals  hraad,  uldening  the  snovf  region  posferiorh/ ; Jachrijmals 
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reduced.  Suprcdempvrul  racuities  very  large.  Dermal  armour  completely  obsolete  ; 
limbs  iiaddle-shaped.  Middle  and  Upper  Jura. 

Metriorhjnchus,  v.  Meyer.  Skull  elongated  ami  tapering,  feebly  sculjitured. 
Prefrontals  unusually  large  and  forming  an  overhanging  ledge  above  the  orbits. 
External  nostril  large,  upwardly  directed  ; teeth  slender,  carinated,  and  slightly 
curved,  twenty  to  twenty-seven  present  on  either  side  of  the  jaws  above  and 
below;  three  or  four  anterior  teeth  enlarged.  Fore-limbs  much  smaller  than 
the  hinder  pair.  Middle  Jura.  France  and  England. 

Geosaurus,  Cuvier  {Cricosaurus,  'Wagner;  ItJuicheosaurus,  von  Meyer). 
Lithographic  Stone;  Bavaria.  Suchodus,  Lydekker.  Oxfordian;  England. 
Plesiosuchus,  Owen.  Kimmeridgian  ; Dorsetshire. 

Dalvsaurus,  Quenst.  Skull  comparatively  short  and  broad  ; nasals  reach- 
ing the  premaxillae  ; snout  compressed  and  rounded  in  front.  Teeth  large, 
slightly  curved,  oval  in  section,  smooth,  with  anterior  and  posterior  carinae  : 
about  twenty  on  each  side  of  tlie  jaw  above  and  below.  Plxternal  cranial 
bones  smooth  or  feebly  sculptured  ; mandibular  rami  without  lateral  vacuity. 
Middle  and  Upper  Jura ; Swabia  and  Bavaria.  Kimmeridgian ; England. 
A complete  skeleton  of  D.  maximus,  Quenst.,  4 m.  long,  })reserved  in  the 
Stuttgart  Museum. 

Family  3.  Pholidosauridae. 

Snout  hug  and  narrow,  passing  alruptly  into  the  facial  region.  Orbits  oval, 
laterally  placed,  almost  as  large  as  the  supratemporcd  vacuities,  and  confluent  with  the 
lateral  teinpoml  fossae.  Nasals  long  and,  narrow,  reaching  the  yjosterior  tip  of  the 
elongated  premaxillae.  Prefrontals  of  moderate  size.  Internal  naricd  opening 
bordered  Icderally  by  the  ptferygoids.  Dorsal  and  ventral  armour  present. 

The  members  of  this  family  are  known  only  from  fresh-water  deposits  of 
the  Purbeckian,  Wealden,  and  Lower  Cretaceous. 

Pholidosaurus,  v.  Meyer  {Jlacrorhynchus,  Dunker).  Teeth  round  or  oval  in 
section,  longitudinally  striated,  in  uniform  series  of  about  thirty  on  each  side 
in  either  jaw.  Wealden  of  England  and  Neocomian  (Hils  Sandstone)  of 
Hanover. 

Petrosuchus,  Owen.  Like  the  preceding,  ljut  internal  narial  opening 
enclosed  by  the  palatines.  Purlieckian  ; Dorsetshire. 

Hylueochampsa,  Owen.  Imperfectly  known.  AYealden  ; England. 

Section  2.  Brevikostres.  Lydekker. 

Snout  short,  broad,  cmd  rounded.  Nasals  usually  reaching  the  premaxillae  and 
external  nostril.  Dentary  alone  forming  the  short  symphysis  of  lower  jaw ; teeth 
irregular  in  size  and  shape.  Vertebrae  arnphicoelous. 

Family  1.  Atoposauridae. 

Smcdl,  Uzard-lihe  crocodiles  with,  broad,  triangular  skulls.  Orbits  much  larger 
than  suprcdemporal  vacuities.  Dorscd  armour  consisting  of  a gjaired  longitudinal 
series  of  oblong  p>lcdes.  No  ventral  armour  observed.  Ujiper  Jura. 

Alligadorium,  Jourdan.  Total  length  about  40  cm.  External  cranial 
bones  coarsely  sculptured  ; hind -limbs  longer  and  more  robust  than  the 
anterior  pair.  Lithographic  Stone  ; Cerin,  France,  and  Bavaria. 
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l-'ici.  .111). 

.UUiinUii-cUuslieoinnnHli.  Jonniiin.  rpiipi- .Jura  ; Ceiiii.  ,\in,  rraiicc.  i/->. 


nare.s.  Tail  very  long ; at  least  thirty  caudals. 
France. 


Lithograjihic  Stone  ; Cei  in, 


.'Ifnposaiiriis,  v.  Meyer.  Tail  very  long,  comprising  over 
Dorsal  armour  not  observed.  Otherwise  like  the  precedimr. 
Stone ; Cerin,  France,  and  TSavaria. 


fifty  caudals. 
Lithographic 


Small 

vaaiifies. 


aoiilnjiholis  aimiis,  ( )u«*u. 
I'urhfcki.'in  ; Swjuia^'c.  I)or- 
.‘•flshin-.  Posterior  jiortioii 
of])alate.  ho,  Itasioccipital  ; 
r/o  I’f^itorior  nares  : ;»/,  Pala- 
tine; pt,  PtiTv^oifl  (niter 
llulke). 


Family  2.  Goniopholidae.  {.Uelmmj.tuclria,  Hiilke.) 

lu  l(u  ije- sized  rrocodiles.  Orhils  usual///  smaller  fliaii  supra/eirqMral 
L/tenial  narial  (ijieuin//  re/t/ole,  at  hinder  inar//iii  of  palatines,  and 
hmmlcd  in  //art  h/j  the  j)terii<ioids.  JJorsa!  armo/ir  romj/risin// 
two  or  ///ore  loni/it /ohnal  scries  of  orerlappi)///  and  sometimes 
a / tinilat/ni/  sn/tes.  1 ei/tral  scutes  s/it/iralh/  united.  Fur- 
beckian  and  ^Vealden. 

Gomopholis,  Owen  (J)i//!osa/ir/ts,  iVlarsh  ; Am  ph  dot  pi  ns, 
Jlpj/osaiirns,  Copej,  (Fig.  317).  Snout  moderately  long, 
n.isals  not  quite  reaching  external  nostril  ; supratemporal 
vacuities  larger  than  the  orbits.  Twenty-three  stout 
teeth  on  e;ich  side  of  either  jaw,  carinated  and  vertically 
grooved.  \ entral  armour  consisting  of  seven  to  ten 
longitudinal  series  of  ])oIygonal  plates  united  bv  jagged 
sutures.  Skull  in  some  sjiecies  attaining  a length  of 
70  cm.  G.  sunns,  Owen,  known  liy  complete  skeletons 
about  2 m.  long,  has  limbs  of  equal  size.  Purbeckian 
and  ealden  ; Itngland,  Pelgium,  and  Northern  Germany. 
L'l)l)er  dura;  Colorado. 

Bernissartia,  Dollo.  Attaining  a length  of  1 m. 
Sujiratemporal  vacuities  smaller  than  the  orbits,  nasals 


not 


reaching 


o external  nostril.  Twenty  irregular 
teeth  on  each  side  of  either  jaw  ; fore-limbs  much  shorter  than  the  hinder 
pair.  Dorsal  armour  with  more  than  two  longitudinal  series  of  over- 
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lapping  scutes ; ventral  scutes  also  overlapping.  AVealden 
far/esi,  Dollo. 

Machimosaurus,  v.  Meyer  (Fig.  318).  Imperfectly  known. 
Teeth  obtusely  conical,  strongly  striated.  Upper  Jura. 

Nannosnchns,  Owen.  Dwarf  crocodiles  similar  to  Gonio- 
pholis,  but  with  slender,  curved,  smooth,  and  more  uniform 
teeth.  Skull  about  10  cm.  long.  Purbeckian  ; Dorsetshire. 

Theriosuchus,  Owen.  Total  length  less  than  0'5  m. 
General  form  approaching  that  of  modern  crocodiles. 
Supratemporal  vacuities  smaller  than  the  orbits ; teeth 
tumid  and  very  irregular ; mandibular  symphysis  short. 
Dorsal  scutes  overlapping  and  also  united  at  their  outer 
angles  by  peg-and-socket  articulations;  ventral  scutes 
polygonal,  united  by  sutures  only.  Purbeckian  ; Dorset- 
shire. T.  pusilliis,  Owen. 


; Belgium.  II. 


Fig.  318. 


II ras  h iigi , 
V.  Moyer.  Kimmori<l* 
gian  : Liiidnerberg, 
near  Hanover.  Vi- 


Sub-Order  4.  EUSUCHIA.  Huxley.^ 

Siioid  produced  in  some  forms,  but  more  conimon.li/  broad  and  short.  External 
nostril  unpaired  and  terminal ; internal  nasal  passa(je  prolonr/ed  ami  floored  loj  the 
greatly  developed  secondary  palate,  formed  by  plates  from  the  maxillae,  polatiries, 
and  pterygoids.  Eustach.ian  canals  completely  enclosed  ; vertebrae  mostly  procoeJous. 
Other  characters  as  in  Mesosuchia. 


This  group  comprises  the  later  Cretaceous,  Tertiary,  and  modern  croco- 
diles, among  which  are  some  long-snouted  forms,  but  the  greater  number  are 
of  the  broad-snouted  type.  As  already  indicated,  they  differ  from  the  Jurassic 
Mesosuchia  chiefly  in  the  characters  of  the  jialate,  eustachian  canals,  and  verte- 
bral centra,  but  as  to  their  genetic  relations  Palaeontology 
affords  no  precise  information. 

A dorsal  armour  of  bony  scutes  overlaid  liy  the 
corneous  epidermis  is  always  present  among  Eusuchia,  and 
frequently  also  a ventral  armour.  The  dorsal  scutes  are 
externally  pitted,  more  rarely  radially  sculptured,  and  are 
often  longitudinally  keeled.  The  ventral  scutes  are 
flattened,  keelless,  less  prominently  sculptured,  and  some- 
times divided  (Fig.  319). 

The  vertebral  column  comprises  about  twenty-five  pre- 
Divkied  ventral  .scute  sacral  vertebrae,  two  sacrals,  and  at  least  thirty-five  caiidals. 

Recent  crocodiles  have  all  the  presacral  vertebrae  except 
the  atlas  and  axis  procoelous,  and  the  sacrals  and  anterior 
caiidals  amphiplatyan.  There  are  about  nine  cervicals.  The  atlas  (Fig.  320) 
is  quadripartite,  and  its  unpaired  ventral  piece  (x)  has  been  variously 
interpreted  as  the  centrum,  intercentrum,  or  hypajiophysis.  The  paired 
lateral  elements  are  roofed  by  a median  dorsal  piece  which  abuts  against  the 


of  mplocffiiuclnii,  sp 
gocene  Europe. 


Oli- 


^ Literature  : 

Luduuij,  li.,  Fo.ssile  Krokodilieu  aus  der  Tertiarforniatiou  de.s  Maiuzer  Beckens  ( Palaeontogr. 
Suppleni.  vol.  III.),  1877. — Lt/dekker,  R.,  Siwalik  Crocodilia,  etc.  (Pal.  Iiidica,  .ser.  X.  vol.  III. 
p.  209),  1886. — 1 aillant,  L.,  ]5tudes  zoologique.s  sur  les  Crocodilieirs  fossiles  du  tertiares  (Auii.  Soc. 
Geol.  vol.  III.),  1872. — Woodward,  .1.  S.,  On  the  literature  and  iioiiieuclature  of  British  fossil 
Crocodiles  (Geol.  Mag.  [3],  vol.  II.  p.  496),  1885. — The  history  of  fossil  Crocoililes  (Proc.  Geol. 
As-soc.  vol.  IX.),  1886. 
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Fk;.  32(1. 

Ci'iicodilus  nihinrls,  Cuv.  Kt*c«'nl  ; E,Liy])t.  Anterior 
(••■rvical  v*ntohra<‘,  n.  Lateral  j)iece  of  atlas  ; jkuI. 

O'lontnid  process  (-centrum  of  atlas):  pr,  Froatlas: 
Cervical  ril)s  : a,  llasal  ])iece  of  atlas  ( — intercent rum). 


l);isiocciput  and  represents  a rudimentary  proatlas.  The  basal  piece  supports 
a pair  of  styliforni,  single -headed  ribs,  directed  downward  and  l)ackward. 

Properly  s)>eaking  the  atlantal 
centrum  is  represented  by  the 
odontoid  jn-ocess  of  the  axis.  The 
seven  succeeding  cervicals  bear 
strong  neural  s])ines,  transA’erse 
processes,  zygapojihyses,  parapo- 
])hyses,  and  frequently  also  ventral 
keels  or  true  hv])apophyses.  The 
ribs  borne  by  these  vertebrae  are 
all  short,  hatchet  - sha))ed,  and 
double-headed.  In  the  first  two 
dorsal  vertebrae  the  ])ara])0])hyses 
and  transverse  processes  are  sej)ar- 
ated  by  a narrow  interspace,  and 
the  latter  become  more  elongated, 
passing  posterioi’ly  (caudal).  The 
parai)0])hyses  gradually  ascend, 
))assing  on  to  the  neural  arch  in  the  third  dorsal  vertebra,  and  thereafter 
lioth  articular  facettes  for  the  double-headed  ribs  are  borne  by  the  transverse 
processes.  These  facettes  continue  to  a])[)ioximate,  and  finally  become 
merged  with  each  other  in  the  ])Osterior  dorsal  vertebrae,  so  that  the  last 
ril)  is  single-headed.  The  luml>ars,  of  which  there  are  from  four  to  six, 
have  well-developed  transverse  pi'ocesse.s,  but  are  non-costiferous.  The  short 
and  stout  sacral  ribs  are  as  a rule  distally  cx])anded,  and  suturally  united  to 
their  centra  and  neural  arches,  d’he  vertebrae  of  the  anterior  half  of  the  tail 
bear  moderately  developed  transverse  ])iocesses,  attached  like  the  sacral  ril)S  to 
the  ncuro-central  sutures.  All  excej)t  the  anteilor  and  a few  of  the  ])osterior 
caudals  bear  chevron  bones. 

The  first  and  second  pairs  of  dorsal  ribs  are  attached  to  the  sternum,  which 
is  a large,  rhomboidal,  cartilaginous  ])late  lying  immediately  below  and 
l)chind  the  interclavicle  (episternnm).  The  succeeding  five  to  seven  pairs 
are  connected  1)V  means  of  sternal  ribs  with  the  so-called  abdominal  sternum. 
'I'he  sternal  ribs  are  followed  Iq'  seven  ]):iirs  of  abdominal  ribs,  of  which  the 
|)osterior  is  the  most  strongly  developed,  and  unites  with  the  ]mbic  cartilage. 
Cartilaginons  uncinate  ])rocesses  aie  borne  by  the  dorsal  ribs. 

'I'he  external  craiual  bones  are  almost  always  coarsely  scul])tured.  The 
oval  or  rounded  orbits,  which  in  the  preceding  sub-orders  are  invariably 
enclosed  l)v  bone,  are  here  confluent  with  the  lateral  tem])oral  vacuities.  The 
size  of  the  latter  is  usually  in  inverse  ])roportion  to  that  of  the  su]>ratemporal 
vacuities,  and  the  lattei-  as  a rule  aie  smaller  than  the  orbits.  'I’he  parietal 
and  frontal  arc  unpaired  in  the  adult  condition,  and  there  is  never  a parietal 
foramen.  'J’he  squamosal  is  a triangulai'  bone  forming  the  postero-external 
border  of  the  snpratemporal  A'acuity.  I’ostfrontals,  prefi'ontals,  and  lachrymals 
are  all  variable  in  size.  'I’lie  nasals  are  long,  triangular  bones,  usually  reaching 
the  ]»remaxillac,  and  sometimes  even  the  external  nostril  in  front,  and  a])plied 
against  the  acute  median  process  of  the  frontal  jrosteriorly.  The  nostril 
o]iening  is  undivided,  terminal,  and  enclosed  by  the  short,  paired  premaxillae. 
'I'he  quadrate  is  broad  and  immovably  united  with  the  surrounding  elements. 


ORDER  YII 


CEOCODILIA 


219 


The  under  side  of  the  skull  is  characterised  by  a great  development  of  the 
secondary  palate,  formed  by  horizontal  expansions  of  the  premaxillae,  maxillae, 
palatines,  and  pterygoids,  and  pierced  by  a moderate  or  large-sized  infraorbital 
vacuity.  This  extensive  roofing  of  the  buccal  cavitt’  conceals  the  vomers  and 
causes  the  internal  opening  of  the  nasal  passage  to  be  displaced  far  backwards, 
at  the  posterior  border  of  the  pterygoids,  whereas  in 
the  Jlesosuchia  the  opening  is  never  further  remote 
than  the  hinder  margin  of  the  palatine  plates  (cf. 

Fig.  .313  with  Fig.  321).  A transverse  bone  (ecto- 
23tervgoid)  is  present,  connecting  the  pterygoids 
with  the  maxillae  and  jugal  (Fig.  321,  T).  Modern 
gavials  exhibit  in  the  adult  a pair  of  bulbous  out- 
growths (hn)  of  the  palatines  which  communicate 
with  the  nasal  passage  and  function  as  air-reservoirs. 

The  mandibular  ramus  is  composed  of  the  usual 
six  pieces,  one  of  which,  the  articular,  is  pneumatic. 

A large  foramen  communicating  with  the  inner 
cavity  of  the  jaw  is  almost  invariably  present 
between  the  angular,  surangular,  and  dentarv. 

The  symphysis  is  formed  by  the  latter  element 


splenial  together  among  the  longirostrate  species. 
Xttmerous  conical  teeth  of  oval  or  circular  cross 


^ravialis  gongetlcus^  Geott'r. 
Recent  : India.  Oral  aspect  of 
posterior  half  of  skull,  showing: 

alone  in  the  broad-nosed  forms,  hv  the  dentarv  and  eusuchiau  secondary  x^date.  o.', 

Basioccipital  : hv,  Ossified  air- 

chambers : ch.  Posterior  nares : J, 
Jugal : 3Jaxilla  : /•?,  Palatine  : 

I^erygoid  : qv.  Quadrate  : f. 
section,  smooth  or  striated,  and  frequentlv  carinated,  Ectopteryiioid ; x,  opening of  eust.i- 

' chian  canals 

are  implanted  in  deep  alveoli  along  the  margin  of 

the  jaws.  They  are  often  irregular  in  form  and  size,  but  their  number  remains 

constant  for  particular 
species,  and  in  many  cases 
also  for  the  genus. 

In  the  pectoral  arch 
clavicles  are  wanting.  The 
scapula  is  elongated  and 
expanded  at  either  end, 
as  is  also  the  coracoid. 

The  latter  is  thickened  in  f 

its  proximal  portion,  and 
pierced  by  a round  fora-  o-s 

men.  The  humerus  is 
stout,  slightly  curved,  and  r 

exhibits  near  the  head  a 


r 


Fio.  322. 

Pehis  of  Crocodile. 
t7.  Ilium ; iV,  Ischium  : pu,  Pubis. 


7 


II 


conspicuous  process  as 
well  as  a deltoid  crest.  Its  distal  end  is  furnished  with  two 
facettes  for  the  bones  of  the  second  segment,  of  which  the 
ulna  is  generally  somewhat  the  longer  (Fig.  323).  The 
proximal  row  of  the  carpus  contains  two  elongated  elements 
(radiale  and  ulnare,  both  constricted  in  the  middle),  and  a croeojiue. ""'i;.  Rii'dmF 

C,  Ulna : Distal 

carpals  ; p.  Pisiforme  ; 

RaJiale;  w,  Ulnare: 
I—r.  Ditrits. 


Fir..  3*23. 

Right  fore -limb  of 


small  pisiforme  to  which  the  fifth  metacarpal  is  attached  by 


ligaments. 


The  two  radial  digits  are 


the  three  ulnar. 

Of  the  three  elements  of  the  pelvic  arch  (Fic 


dightlv  stouter  than 


322),  the  pubis  is  excluded 
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from  the  ;icetabulum,  and  borne  on  a prominent  anterior  process  of  the 
ischium.  The  pidiis  is  more  or  less  spatula-shaped  ; the  ischium  resend )les  tlie 


strong 


l)one  with  cuiu'ed  upper 


and 


Its  enlarged  anterior  portion  is  attached  to  the 


scapula;  and  the  ilium  is 
extended  antero-posteriorly. 
sacral  ribs.  The  femur  is  longer  and  more  slender  than  the  humerus,  and 
without  an  inner  trochanter  ; tibia  and  fibula  are  of  about  equal  proiiortions. 
There  are  two  rather  large  proximal  tarsals,  a calcaneum  (fibulare)  and 
astragalo-scaphoid,  the  latter  representing  the  coossified  tibiale,  centrale,  and 
intermedium.  Two  bones  are  likewise  jiresent  in  the  distal  row,  of  which  the 
cuboid  is  the  larger,  and  supports  the  third,  fourth,  and  the  rudimentaiy  fifth 
metatarsal.  The  three  inner  digits  of  both  ]>es  and  manus  are  iirovided 
with  claws. 

A longirostrate  section  of  Ensncliia  is  constituted  by  the  gavials,  which 
corresjiond  to  the  mesosuchian  Teleosaurs,  and  may  jtossibly  have  been 
descended  from  them.  Modei  n crocodiles  and  alligators  form  the  brevirostrate 

section,  but  between  these  types  are  some 
annectant  fossil  forms,  such  as  Tomistoma,  etc. 

Family  1. 

Tomistomidae.  [Bhynchosuchidap,  Huxley.) 

Snouf  mnrh,  i)ru(hic('d,  passiiir/  grad  nail  1/  info  the 
facial  region.  Edisals  long  and  narrow,  their  anferior 
ends  intercalated  between  slender  processes  of  the  pre- 
maxillae,  lint  not  reaching  the  external  nostril.  Pre- 
frontuls  small,  larhrgmals  large.  Orbits  irregnlariji 
oval,  nearhj  as  large  as,  or  larger  than  the  snpra- 
teniporal  racnities,  and  confluent  with  the  lateral 
temporal  fossae.  Pentral  armour  absent.  Upper 
Cretaceous  to  Ileccnt. 

Thoracosunrns,  Leidy  (Sjihenosanrns,  Ag.). 
Premaxillae  sjiatulate  in  form,  lachrymals  un- 
usually large.  Supratemporal  vacuity  trans- 
ver.sely  oblong,  slightly  larger  than  the  orbits  ; 
small  antorbital  vacuity  })rcsent.  About  twenty- 
four  curved  teeth  on  either  side  in  each  jaw. 
Upper  Cretaceous;  New  Jersey,  Holland,  and 
France. 

Holops,  Cope.  Like  the  preceding,  but 
without  antorl)ital  vacuity,  and  orbits  of  equal 
size  with  supratemporal  vacuities.  Uiiper  Cre- 
taceous; New  Jei'sey. 

Tomistoma,  IMiiller  (1,’hynrhosuchus,  Huxley , 
Garialosnchns,  J'oula  and  Kail),  (Fig.  324). 
Orbits  almost  twice  the  size  of  supratemporal 
Parietals  small,  lachrymals  moderately  developed.  About  twenty 


rnmlstiniiii  'I’oula  ainl 

Kail.  MiocfiiP  ; K^^cnburK,  near  Horn, 
Austria.  Horsal  aspect  of  skull,  ^f\ 
I.fttfnii;;  as  in  Fiji.  325. 


■*/T0- 


vacuities, 
teeth  on  either  side  in 
and  Kecent  in  F>orneo. 


each 


jaw. 


IMiocene  ; Hungary,  Malta,  and  Sarilinia, 
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Family  2.  Gavialidae. 

Snout  produced  into  a long,  narrow  rostrum,  and  passing  ahruptlg  into  the  facial 
region.  Nasals  separated  from  premaxillae  hy  a wide  interval.  Mandibular 
symphysis  extended.  Teeth  numerous,  approximately  'uniform,  slightly  curved, 
acuminate,  and  finely  striated.  Tertiary  and  Recent. 

Gavialis,  Oppel  [Leptorhynchus,  Clift;  Rhamphostoma,  Wagler),  (Fig.  321). 
Recent  in  India  and  Burmah.  Fossil  in  Pliocene  of  Siwalik  Hills,  India, 
where  it  accompanies  the  gigantic  and  closely  allied  FJiamphosuchus  crassidens. 
Falconer  and  Cautley  (total  length  15  m.),  and  possibly  also  present  in  the 
Eocene  of  Sussex. 

Leptorhamphus,  Oxydontosaurus,  Ameghino.  Tertiary  ; Argentina. 


Family  3.  Alligatoridae. 

Snout  broad  and  short.  Orbits  larger  than  supraternporal  vacuities,  and  contei- 
minous  with  the  lateral  temporal  fossae.  Mandibular  symphysis  short.  Teeth 
irregular;  the  anterior  tooth  of  lower  jaw  always,  and  as  a rule  also  the  fourth 
tooth,  fitting  into  pits  of  the  upper  jaw.  Suture  between  maxillae  and  premaxillae  on 
the  palate  either  transverse  or  convex  toward  the  front.  Dorsal  armour  consisting  of 
more  than  two  rows  of 
scutes,  either  articulated 
together  or  lying  free  in 
the  integument ; cervical 
scutes  separated  from 
the  dorsal.  Ventral 
armour,  when  present, 
comprising  numerous 
series  of  articulated 
scutes,  each  of  which 
consists  of  two  pieces 
united  by  sutuxe.  Upper 
Cretaceous  to  Recent. 

In  alligators  the 
lower  teeth  bite  en- 
tirely within  the 
upper,  and  the  first 
and  fourth  lower  teeth 
are  received  into  pits 
of  the  upper  jaw  ; but 
in  crocodiles  the  upper 
and  lower  teeth  mutu- 

•illv  i)i1-pTln^>k  wldlp  Superior  and  palatal  asiiects  of  skull,  1/2- 

any  mLCiiuoK,  wiuie  i.aclirynial ; »i,r,  Maxilla;  N,  External  nostril;  na,  Xasal ; pa.  Parietal;  jnii.r, 

the  first  lower  tooth  Premaxilla ; jn/,  Prefrontal  ; pi/,  Postfrontal  

. .Squamosal. 

bites  into  a perfora- 
tion or  pit  in  the  cranium,  and  the  fourth  into  a lateral  notch.  Modern 
alligators  inhabit  the  warmer  regions  of  North  America  and  China,  and  fossil 
remains  occur  in  the  fresh-water.  Cretaceous  and  Tertiary  of  both  Europe 
and  America. 

Diplocynodon,  Pomel  (Figs.  319,  325).  Third  and  fourth  teeth  of  lower 


Fig.  3'2d. 

iJiplociiiwdon  gevmisi,  Ayniard.  Oligoccne  ; Honzoii,  near  Le  Puy,  France. 

U,  Orbit ;/,  Frontal ;,/,  juyal ; in, 
na,  Xasal  ; pa.  Parietal  ; jniu', 
.s,  Suprateinpural  vacuity  ; .0/, 


KEPTILIA 


CLASS  III 


y 22 

j;i\v  c(^ually  enlarged,  and  eitlier  both  received  into  pits  of  the  U})per  jaw,  or 
the  fourth  passing  into  a marginal  notch  between  the  maxillae  and  premaxillae. 
l)ermal  armour  strongly  developed.  Abundant  in  Upper  Eocene.  (Jligocene 
and  Miocene  of  England,  France,  and  Germany. 

JJoifosaiifus,  Agassiz.  Iin|)erfectly  known,  but  with  alligator  like  dentition. 
Up|)er  Cretaceous  ; New  .lersey,  Colorado,  and  ^Montana. 

AlUnator,  Cuvier.  Recent;  North  America  and  China.  Caiiiuui,  Spix  ; 
Jaane,  Gray.  Central  and  South  America. 

Kaiiiily  4.  Crocodilidae. 

Skull  untcriorli/  comp  resided.  Orhits  lar<jer  ihan  svpraiemjtoral  racidtics,  confluenf 
with,  the  lateral  temporal  fossae.  Teeth,  irregular,  eirihtem  or  niaetecn  in  the  upper, 
and  fifteen  in  lower  jaw  ou  each  side,  the  two  series  mutuallij  interlocking.  Anterior 
tooth,  in-  lower  jaw  received  into  a pit,  and  fourth  tooth,  fitting  into  a marginal  notch  [or 
pit).  Suture  between  ma.ciltae  and  premaxillae  on  the  jialate  transverse  or  concave  in 
front.  Itnrsal  armour  coinjirising  more  than  two  rows  if  scutes  lying  free  in  the 
integument  ; ventral  armour  wanting. 

Ci'ocodiliaii  remains  occur  extensively  in  the  fresh-water  Upper  Cretaceous 
and  'rertiaries  of  Europe  and  North  America,  and  in  the  Pliocene  of  India. 
Recent  species  aie  distributed  in  tropical  Africa,  East  India,  New  Guinea, 
South  America,  and  Cuba.  The  typical  genus  Crocodilus,  Laurill.  (Figs.  .'520, 
.'522,  d2.'5),  is  divided  into  a number  of  sub-genera,  and  is  met  with  in  the  fossil 
state  as  early  as  the  l"p])er  Ci'etaceous  of  Europe. 

Range  and  Distribution  of  the  Crocodilia. 

The  earliest  remains  referred  to  this  order  occur  in  the  Trias  (jf  Germany, 
.Scotland,  North  America,  and  India.  They  are  all  extremely  generalised 
forms,  belonging  to  the  stdi-oi'ders  /'arasnrhia  and  1‘seudosuchia,  and  ])ossess  a 
number  of  characters  in  common  with  Dinosaurs,  Rhynchocephalians,  and 
Racert ilians.  Many  of  the  Parasnehia , in  fact,  are  I'efei'able  to  Dinosaurs  with 
as  much  pro])riety  as  to  Crocodilians. 

True  crocodiles,  represented  by  the  Mesosuchia,  appear  rather  suddenly  in 
the  Lias  of  England,  France,  and  Gennany,  and  j)ei'sist  essentially  unmodified 
througlnmt  the  -liira.  In  none  of  them  is  the  secondai'y  palate  developed 
back  of  the  posterior  margin  of  the  ])alatines,  there  being  no  outgrowths  from 
the  ])terygoids,  and  the  vertebrae  are  amphicoelous,  or  at  the  most  ain])hi- 
platvan.  d’heir  uinversal  occurrence  in  marine  deposits,  the  nature  of  their 
fossilised  stomach  contents  and  co[)rolites,  and  their  general  organisation, 
prcjve  them  to  have  been  ada])ted  for  an  e.xcl,usively  a(juatic  existence.  The 
earliest  forms  are  all  of  the  longirostrate  variety,  and  it  is  not  until  the  Upper 
• lura  that  shm  t-  anil  broad-headed  genera  with  small  sujnatcmjioral  vacuities 
are  initiated.  Owen  has  suggested  that  the  aiipearance  of  the  latter  is  corre- 
lated with  the  incoming  of  warm-blooded  prey,  and  points  to  the  association 
of  dwarf  cTOCodiles  in  the  Purbeck  with  small  mammalian  remains. 

'I’oward  the  close  of  the  Jura  changes  in  external  conditions  seem  to  have 
created  a new  environment,  for  in  the  Purbeckian  and  Wealden  remains  of 
crocodiles  are  accompaided  for  the  first  time  by  fresh-water  and  terrestrial 
forms,  and  the  indications  suggest  a huviatile  habitat.  In  the  M'ealden  are 
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found  a few  detached  crocodilian  vertebrae  of  the  procoelous  type,  Imt  it  is 
not  until  the  Upper  Cretaceous  that  typical  Eusuchia  with  extended  secondary 
palate  and  closed  eustachian  passages  become  dominant.  The  Eumchiu, 
like  their  Jurassic  forerunners,  comprise  both  long-snouted  and  broad- 
snouted genera,  but  whether  the  gavials  were  derived  independently  from  the 
modern  crocodiles  and  alligators,  or  all  are  traceable  to  a common  Mesosiichian 
ancestor,  is  still  uncertain.  During  the  Tertiary,  alligators  and  crocodiles 
prevailed  both  in  Europe  and  North  America,  only  becoming  extinct  in  Europe 
during  the  Pliocene.  The  alligators,  which  appear  to  have  surpassed  crocodiles 
in  the  Old  World,  and  to  have  been  inferior  to  them  in  number  in  the  New, 
are  now  restricted  to  the  warmer  regions  of  North  America.  Kemains  of  both 
gavials  and  crocodiles  occur  in  the  Tertiary  of  India,  among  which  are  com- 
prised the  most  gigantic  members  of  the  order  {Ehamphosuclius). 

Order  8.  DINOSAURIA.  Owen.^ 

{radtjipudes,  Owen;  Ornifhoscelida,  Huxley.) 

Long-necked  awl  long-failed  regjfiles,  usuuUg  of  consideruble  awl  sometimes  of 
gigantic  size,  with  limbs  adapted  for  habitual  support  of  the  bod//.  Investing  bones 
if  the  temporal  region  of  the  skidl  cotdracting  into  an  upper  and  a lower  temporal 
arcade,  and  the  large  quadrate  frmh/  fxed.  Ab  pineal  foramen.  Teeth,  thecodont, 
confined  to  margin  of  the  jaw-bones.  Jfrtebrae  opisthocoelous  or  cvmphiplattjan,  rarehj 
amphicoelons,  sometimes  hollow  or  with,  deep  lateral  cavities  ; sacrum  comprising  from 
two  to  ten  anchtjlosed  vertebrae.  Bibs  double-headed.  Sternum  incornpleteh/  ossified, 
clavicles  and  precoracoid  abseid.  Scapula  verg  large,  sotnetimes  cobssified  with  the 
perforate  and  anferiorlg  rounded  coracoid.  All  th,ree  pelvic  elements  entering  the  aceta- 
btdum.  Ilium  large,  a ntero-jMsteriorl g extended . Ischia  usuallg  slender  and  elongated, 
frequetdlg  united  in,  a median,  sgrnphgsis.  Bubis  directed  downwards  and  forwards, 
sometimes  developing  a postpubic  process  extending  backwards  piarallel  with  the  ischium. 
Fore-limbs  shorter  than  the  hinder  pair  ; progression  verg  commcmlg  bipedal. 

The  order  Dinosauria  comjirises  Mesozoic  reptiles  which  are  extremely 
varied  in  organisation,  and  exhibit  a number  of  rhynchocephalian,  crocodilian, 
lacertilian,  and  even  ornithic  characters,  the  latter  due  chiefly  to  homoplastic 
or  ])arallel  development.  Among  the  latter,  as  first  noticed  by  Gegenbaur, 

' Literature  ; 
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the  close  junction  of  the  tistriigalus  with  the  tihia,  or  teiuleiiey  to  form  a 
tilho-tarsus,  is  an  avian  resemblance  common  to  the  majority  of  Dinosaurs. 

While,  on  the  one  hand,  the  cleft  between  Dinosaurs,  crocodiles,  and 
lacertilians  is  bridged  by  the  lihynchocephalian  Droterosaurs  {Pivi/anosauriu, 
Baur),  on  the  other  it  may  be  regarded  as  altogether  probable  that  birds 
have  come  down  to  us  from  a primitive  (perhaps  bipedal  1)  Dinosaur-avian 
stem  which  sprang  off  from  a I’alaeohaUcria-Wko.  ancestor  in  the  Permian.’-  The 
earliest  known  Dinosaurs  {Tlurupoda)  of  Triassic  age  are  show^i  by  their  limb 
structure  and  footprints  to  have  been  mainly  bipedal  in  gait,  and  by  their 
dentition  to  have  been  of  carnivorous  habits  ; of  the  herbivorous  Dinosaurs 
(Saitropoda  and  I'rcdeiduta)  which  range  thronghout  the  dura  and  Cretaceous, 
some  must  have  been  bipedal  and  others  (piadrupedal.  The  culmination  of 
Dinosaurs  occurred  during  the  Upper  dura  and  Cretaceous,  in  the  interval 
between  the  decline  of  Theromorph  reptiles  and  the  dominance  of  the 
Manunolia.  During  their  period  of  ascendency  numerous  hyjiertrophic 
forms  were  evolved,  which  attained  jiroportions  far  exceeding  those  of  all 
other  known  terrestrial  creatures.  Over-specialisation  having  run  its  course, 
a rapid  decline  and  extinction  followed. 

A bony  exuskclelvio  is  developed  to  some  extent  among  certain  of  the 
Tlierojinda  and  Predenfafu,  but  in  the  majority  of  Dinosaurs  the  skin  was 
either  naked  or  protected  by  horny  scales.  The  dermal  armour,  when 

[U’esent,  consists  either  of  isolated  liony  jdates  or  spines,  or  of  interlocking 
scutes  which  form  a continuous  shield  encasing  jiortions  of  the  truid<  and  tail. 

The  verfehrae  are  usually  either  amjihijilatyan  or  ojiisthocoelous,  more 
rarely  amiihicoelous.  There  are  nine  to  fifteen  cervicals,  ten  to  eighteen 
dorsals,  usually  from  two  to  six,  but  sometimes  as  many  as  ten,  fused  sacrals, 
and  thirty  to  fifty  caudal  vertebrae.  The  union  between  the  centra  and 
their  neural  arches  is  commonly  liy  suture.  In  the  anterior  cervicals  the 
neural  s])iiies  are  generally  short  or  rudimenPiry,  and  gradually  increase  in 
size  toward  the  thoracic  region.  The  atlas  and  axis,  so  far  as  known,  exhibit 
a construction  similar  to  that  in  crocodiles.  All  the  succeeding  cervicals  bear 
double-hciided  rilis,  of  which  the  capitulum  is  att;iched  to  the  jiarajiophysis  of 
the  centrum,  and  the  tidjerculuni  to  the  transverse  process  of  the  nenral  arch. 
In  the  dorsal  region  the  pai’apophyses  mount  ujiward  from  the  centra  on  to 
the  sides  of  the  neural  arches.  Single-headed  ribs  do  not  occur. 

Among  the  'Theru/mda  and  Sinirofioda  the  posterior  dor.sal  vertebrae  articu- 
late with  one  another  not  only  by  zygajiophyses,  but  by  a hyposphene- 
hyjiantrum  arniugement.  'I’he  hijposjdiene  facette  is  a vertical  or  wedge-sha2)ed 
])rojection  occurring  on  the  posterior  end  of  the  neural  arch  below  and 
continuous  with  the  jiost-zygajiophysis.  It  is  received  into  a corresjionding 
groo\e,  or  liifpaidnnn,  on  the  anterior  face  of  the  next  vertebra  behind.  This 
arrangement  is  similar  in  function  to  the  zygos])hen-zygantrum  articulation 
among  Ophidians,  excejit  that  the  relative  jiositions  of  }Jegs  and  sockets  are 
interchanged.  The  sacral  vertebrae,  which  vary  from  two  to  ten  in  number, 
are  fused  together ; and  the  chevron  liones  of  the  caudals  are  articulated 
iiitervertebrally. 

The  sktdl  of  most  Dino.saurs  is  extremely  small  in  lu’ojjortion  to  the  rest 
of  the  body,  more  so  in  Pividusaiints,  in  fact,  than  in  any  other  reptile,  and 

^ Oshdi'ii,  II.  Kfconsideratioii  of  tlie  evidence  for  a coimiion  Itiiiosaur-aviaii  .stem  in  the 
Permian  (Aiuer.  Nat.  vol.  NXXIV.  ji.  777),  1900. 
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the  brain  cavity  is  exceedingly  diminutive.  The  latter,  in  proportion  to  the 
size  of  the  head,  is  smaller  in  Triceratops  than  in  any  known  land  vertel»rate. 
Among  the  Theroptxla  and  rredentuta  the  long  axis  of  the  skull  is  a])pi'oxi- 
mately  at  right  angles  to  the  neck,  but  in  the  quadrupedal  Sanropoda  it 
continues  the  line  of  the  vertebral  column.  The  large  orbits  are  laterally 
directed,  and  between  them  and  the  paired  narial  openings  is  frequently  an 
antorbital  vacuity,  as  in  crocodiles,  pterosaurs,  and  birds.  The  temporal 
vacuities  are  completely  enclosed,  and  vary  considerably  in  form  and  size. 
The  large  quadrate  is  prominently  exposed,  and  suturally  united  with  the 
squamosal  and  quadrato-jugal.  The  paired  jjremaxillae  are  rather  extensively 
developed,  and  either  provided  with  teeth,  or  edentulous  and  beakdike. 

The  inferior  aspect  of  the  skull  is  similar  in  a general  way  to  that  of 
Rhynchocephalians,  except  that  there  are  no  teeth  on  the  palate.  The 
mandibular  rarni  are  united  in  a cartilaginous  symphysis,  and  in  the  Fre- 
dentafa  a crescentic,  edentulous,  predentary  bone  is  developed  in  front  of  the 
mandible,  the  sharp  margin  of  which  appears  to  have  been  sheathed  in  a 
horny  beak.  Teeth  are  confined  to  the  margin  of  the  jaws,  and  are  either 
deeply  socketed  or  implanted  in  an  alveolar  groove  open  on  the  inner  side  of 
the  jaAvs. 

In  the  pectoral  arch  clavicles  appear  to  be  wanting,  and  the  sternum  is 
imperfectly  ossified.  The  scapula  is  very  strongly  developed,  and  usually 
much  elongated.  The  coracoid  is  fiattened,  Avith  more  or  less  rounded 
anterior  margin,  and  pierced  by  a foramen  near  its  articular  border.  Some- 
times the  scapula- coracoid  elements  are  fused  at  their  proximal  ends,  as 
in  birds. 

The  bones  of  the  appendicular  skeleton  are  sometimes  very  massive,  in 
other  cases  delicate  and  holloAv ; and  the  disparity  betAveen  fore-  and  hind- 
quarters is  often  A^ery  considerable,  indicating  that  the  presacral  region  Avas 
ordinarily  lifted  from  the  ground.  The  humerus  in  most  cases  is  inferior  in 
length  to  the  scapula ; the  radius  and  ulna  are  strongly  developed,  and 
ahvays  separate.  The  carpus  is  often  incompletely  ossified,  and  the  number 
of  metacarpals  is  sometimes  reduced  to  three.  The  digits  are  short,  and 
the  ungual  phalanges  either  hoofed  or  chiAv-shaped. 

Many  remarkably  avian-like  characters  are  to  be  observed  in  the  pelvic 
arch  and  bones  of  the  hind  limb,  especially  among  the  Preclentaia.  The  ilium 
is  depressed  and  more  or  less  extended  autero-posteriorly  ; moderately  so  in 
the  triradiate  type  of  pelvis  (Theropoda),^  very  much  so  in  the  quadriradiate 
type  (Fredentata).  The  long  ischia  extend  backAvards  and  doAvnAvards,  and 
usually  join  in  a median  ventral  symphysis.  The  pre-acetabular  process  of 
the  ilium  (spina  iliaca)  which  serves  for  the  attachment  of  the  pubis,  extends 
further  doAvmvard  than  the  post-acetabular  or  ischial  process,  as  in  birds. 
The  acetabulum  itself  is  partly  open,  and  the  sacrum  is  partly  ornithic,  jAartly 
reptilian. 

In  the  Theropoda  the  pubes  are  long  and  slender,  and  fused  in  an  extended 
ventral  symphysis.  Among  the  Sauropoda  they  are  shorter,  stouter,  and 
broader  than  the  ischia,  directed  simply  doAviiAvards  and  forwards,  and  united 
distally  in  a median  cartilaginous  symphysis.  In  the  Fredentata  (Fig.  326)  the 
])ubis  is  long  and  broad,  but  does  not  join  its  felloAv  in  the  median  line  in 
front.  At  its  base,  underneath  the  acetabulum,  it  gives  off  a long  and  slender 
process  knoAvn  as  the  post-puhis,  Avhich  is  directed  doAviiAvard  and  backAA’ard 
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this  post-])ubic  ])rocess  is  suggestive  at  first  sight  of  the 


[larallel  with  the  almost  ecjually  slender  but  somewhat  longer  ischium.  Although 

pubis  of  birds,  it  has 
been  demonstrated  liy  the  em- 
bryological  researches  of  Ihuige  ^ 
and  Mehiiert  - that  no  homology 
between  these  structures  exists. 
The  avian  ]>elvis  is  in  its  earliest 
stages  of  development  triradiate, 
like  that  of  the  primitive  Thero- 
])odous  Dinosaurs,  and  the  pubis 
is  directed  forwards  as  in  rep- 
tiles. Later  the  imbis  becomes 
secondarily  shifted  backwards, 
parallel  with  the  ischium,  and 
the  processus  iliopectineus  must  be 
recarded  as  a secondarv  struc- 
ture  jieculiar  to  birds,  with 
which  the  ])ubis  of  Dinosaurs 
has,  of  course,  no  homology. 
The  post-pubis  of  the  rredentaia 
accordingly  to  be  interiireted  as  a special  or  adajitive  modification,  jirobably 

in  balancing  the  bodv  in  locomotion. 


I’clvis  f)l  Jiiiitnio'hn, 


Acetabulum  ; iK  Ilium  : 


Isclfiiim;  o,  oliturator  process;  I’ubis  ; I'o.stpubic  ])rucess. 


1 

correlated  with  the  function  of  the  tail 
or  while  resting  on  its  hind  (piarters. 


The  femur  usually  exceeds  the  humerus  in  length,  and  is  placed  vertical 
to  the  bodv,  with  its  hetid  extending  inward  into  the  acetabulum,  as  in  birds. 
Dollo  has  shown  that  the  femur  of  Iguanodoii,  with  its  large  fourth  trochanter 


(a  process  which  is  distinct  from  the  “third  trochanter”  of  mammals),  is  con- 
structed more  upon  the  avian  than  reptilian  type,  and  indicates  a powerful 
caudo-femoral  musculature.  Still  other  ornithic  characters  are  exhibited  by 
the  tibia,  which  possesses  a large  ])rocnemial  crest,  and  is  often  completely 
embraced  by  the  astragalus  at  its  distal  end.  In  the  Stegosaurs  these  elements 
are  fused,  but  in  most  of  the  carnivorous  Thcropoda  the  astragalus  bears  an 
ascending  process,  which  is  opposed  to  the  anterior  face  of  the  lower  end  of 
the  tibia,  exactly  as  in  rterosaurs  and  young  Katite  birds.  The  fibula  is 
comi)lefe,  the  proximal  tarsals  are  two  in  number  (astragalus  and  calcaneum), 
and  the  distal  two  or  three,  tarsalia  J-III,  being  usually  fused  into  a single 
piece.  The  hind  foot  is  either  tridactyl  or  pentadactyl,  but  all  five  metatarsals 
are  commonly  indicated,  even  when  the  number  of  functional  digits  is 
reduced. 

Dinosaur  remains  were  hist  discoveied  in  the  English  Tapper  Jura  and 
Wcalden  during  the  early  decades  of  the  last  century,  and  were  described  by 
Huckland  and  Mantell  in  1825.  Owen,  in  1841,  erected  for  them  the  order 
I )inosaurin,  and  much  additional  light  was  shed  on  their  structure  and  relations 
by  Huxley,  Marsh,  and  Cope  prior  to  1875.  Avian  resemblances  were  hrst 
[lointed  out  by  Oegenbaur  in  1864,  who  observed  that  the  tibio-tarsus  of 
('ompsoguathus  is  decidedly  bird  like.  In  this  form  also  was  detected  the  only. 


* nirnf/f’,  .1.,  Ziir  Eiit\vickluiigsge.scliiclite  des  Beckeuguitel.s  der  Amiihibien,  Reptilien  und 
Vogel.  Ilorpat,  1S80. 

- Mehnert,  K..  Ueliei-  die  Eiitwicklung  des  os  jielvis  der  Vogel  (Morphol.  Jalirb.  vol.  XIII. 
p.  2.39).  1888. 
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known  evidence  of  viviparous  habits  among  Dinosaurs^  Unring  the  last 
quarter  of  the  nineteenth  century  an  abundance  of  well-preserved  remains  was 
lu’ought  to  light  both  in  the  Old  World  and  in  the  New,  which  lent  a fresh 
impetus  to  their  study.  The  division  of  the  group  into  three  suli-orders — 
Therupoda,  Sanropoda,  and  Fredcntafa — was  first  proposed  liy  O.  C.  Marsh. 

Sub-Order  1.  THEROPODA.  Marsh.- 

Carnivorous  Dinosaurs  with  small  cranium,  the  lone/  axis  of  which  is  approxiiriafel p 
at  right  angles  to  that  of  the  neck.  Margin  of  the  jaws  provided,  ivith  lafercdhj  com- 
pressed thecodont  cutting  teeth.  Brain-case  incompletehj  ossified ; antorbifed  vacuifg 
large.  Mandibidar  ramus  without  coronoid  process,  and  usuallg  pierced  hg  a lateral 
foramen  in  its  hinder  Imlf.  Dertehral  centra  hollowed,  the  cervical s ficitteaed  in.  front, 
a)ul  concave  behind  ; post-cervicals  amphiplatgan  or  slightUj  anipJdcoelous.  Stern  um 
unossified  ; ucetalndum  perforate.  Pubes  slender,  projecting  simplg  downwards,  and 
united  distallg,  like  the  isclda,  in  a sijinphysis  which  is  often  much,  extended.  Post- 
pubic,  process  not  developed.  Limb  bones  hollow,  fore-limbs  considerably  shorter  them  the 
hinder  pair  ; digits  three  to  five  in  number,  provided  with  prehensile  claivs  ; hind  feet 
digitigrade.  Femur  with  inner  trochaider;  astragalus  with  ascending  anterior  process. 

The  Theropioda  were  carnivorous  land  Dinosaurs  provided  with  clawed 
digits,  and  varying  excessively  in  size.  Compsognallms,  the  smallest  known 
Dinosaur,  was  no  larger  than  a cat,  and  Megalosaurus  attained  the  size  of  an 
elephant.  In  outward  appearance  these  animals  must  have  been  very 
grotesque,  owing  to  their  habit  of  stalking  about  on  their  hind  limbs,  or  possibly 
even  leaping  in  kangaroo-fashion  {Ilcdlopus),  with  the  forward  part  of  the  body 
lifted  from  the  ground,  and  balanced  by  the  powerfully  developed  tail.  The 
latter  may  have  served  in  some  cases  also  for  a swimming  organ,  as  well  as  a 
support  for  the  animal  when  resting  on  its  hind  quarters  and  pelvic  symphyses. 
The  skeleton  of  many  Theropoda  was  of  very  delicate  construction,  the  vertebrae 
being  often,  and  the  limb  bones  always,  hollow. 

The  skull  is  known  in  comparatively  few  genera.  It  is  similar  in  the 
main  to  that  of  the  Sanropoda,  bnt  the  brain-case  is  incompletely  ossified,  and 
the  sutures  are  often  indistinct.  The  elongation  of  the  cervical  vertebrae  is 
an  ornithic  character,  as  pointed  out  by  Cope.  All  the  vertebrae  of  the  neck, 
except  the  atlas,  are  concave  behind,  but  usually  flattened  on  the  anterior  face 
of  the  centra ; they  are  longer  than  the  dorsals,  and  their  neural  spines  are 
only  moderately  developed,  indicating  a less  powerful  musculature  than  among 
the  Sanropoda.  The  cervical  ribs  are  long  atid  nearly  straight,  one  of  their 
articular  heads  being  attached  to  the  centrum,  and  the  other  to  the  neural 
arch.  Each  sacral  ril)  is  attached  to  two  vertebrae  ; the  caudals  are  without 
ribs,  but  chevron  bones  are  strongly  developed.  Megalosaurus  and  Comp>sognodhus 
are  remarkable  for  the  possession  of  abdominal  ribs. 

^ Marsh,  O.  0.,  Amer.  Jouni.  Sci.  [3],  vol.  XXI.  (1881),  p.  340. 

- Literature  : 

Deslongchamps,  E.  E.,  Memoir  snr  le  Poikilopleuron  Bucklandii  (Mem.  Soc.  Linn.  Korm.  vol; 
VI.  p.  36),  1838. — Xeictmi,  E.  T..  On  Oruitliosuclius,  etc.  (Phil.  Trans,  vol.  CLXXXV.  B,  p.  586), 
1894. — Oshorn,  II.  F.,  Fore  ami  hind  limbs  of  Carnivorou.s  Dino.saurs  from  the  Jurassic  of  Wyoming 
(Bull.  Amer.  Mus.  Nat.  Hist.  vol.  XII.  p.  161),  1898. — PhilUps,  ./.,  Geology  of  O.vford  and  the 
Valley  of  the  Thames.  O.vford,  1871. — Plieninger,  T.,  Ueber  Zanclodon,  etc.  (Wiirtt.  naturw. 
Jahresli.  vol.  VIII.  p.  389),  1857.  — Wagner,  A.,  Ueber  Compsognathus  longipes,  etc.  (Abli.  Bayer. 
Akad.  Wiss.  II.  Classe,  vol.  IX.  p.  94),  1861. 
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In  the  jiectoi'al  arch  the  scapula  is  longer  and  stouter  than  the  humerus, 
the  coracoid  is  more  or  less  crescentic  or  semicircular,  and  there  is  no  ossified 
sternum.  The  fore- limbs  are  small,  the  carpus  is,  as  a rule,  incompletelv 
ossified,  and  the  clawed  digits  are  of  only  moderate  size.  In  the  pelvic  arch 
the  ilium  is  low  and  antero-posteriorly  extended,  the  post-acetabular  jiortion 
lower  and  more  elongated  than  the  pre-acetabular,  and  the  acetabulum  itself 
is  perforate.  Both  the  pubes  and  ischia  meet  in  ventral  symphyses,  which  are 
often  much  extended,  and  apparently  served  as  a support  for  the  body  when 
in  a crouching  or  sitting  position.  The  structure  of  the  massive  hind  limbs 
indicates  that  progression  was  mainly  bipedal  and  digitigrade.  The  proximal 
tarsals  tend  to  form  a tibio-tarsus,  and  in  most  genera  the  astragalus  bears  an 
ascending  process,  which  is  immovably  apjilied  against  the  anterior  face  of  the 
tibia,  as  in  young  ostriches.  Theropoda  first  appear  in  the  Trias,  and  liecome 
e.xtinct  in  the  Cretaceous. 


Fainih-  1.  Megalosauridae.  Hu.vlev. 


J’eiirhrae  solul  and  uiiiphiidutpiui,  except  the  ceirirals,  which  are  vjdsfhocoelous. 
Piihes  Inii//,  projecting  siriiph/  downwants  and  furwardr,  and  united  in  an  extended 

rentral  sgin.phgsia.  Ext  remit  ies  pentadactijJ,  hut  the  inner 
and  outer  digits  fmpientig  rmliinenta rg.  Trias  to 
Upper  Cretaceous. 

Zanclodon,  Plien.  {Plateosaurus,  Teratosaurus, 
Smilodon,  V.  Meyer;  Gresslgosaurus,  Kiitim.).  Teeth 
with  serrated  anterior  and  jiosterior  cutting  edges. 
Vertebral  column  compi'ising  :it  least  sixty  vertebrae, 
three  of  which  are  sacral.  Limb  bones  stout. 
Keuper  ; AViirtemberg.  Z.  taevis,  Plicninger. 

iJiniodosa urns,  Pidancet  and  Chof.  Keuper ; 
Poligny,  France.  Cladgodon,  Owen  ; Thecndontosaurus, 
I'alaeosaurus,  liiley  and  Stutch.  Trias  ; Bristol, 
England.  Uachitrema,  Sauvage.  Phaetic ; Autun, 
France.  Kpicampudon,  lluxle\’.  Trias  ; blast  India. 
Euscelosanrus,  Huxley.  Trias;  South  Africa.  These 
are  imiicrfectly  known  genera  allied  to  Zanclodon. 

.1  nchisaurus,  M:irsh  (Fig.  .‘527).  Skull  remark- 
ably bii'd-like,  with  very  large  orbits  and  antorbital 
vacuity  ; narial  oi)eidng  relatively  small  ; sujira- 
temporal  vacuity  subrectangular.  Quadrate  inclined 
steeply  forwards.  Teeth  numerous,  nearly  uniform, 
and  closely  set.  Fore- limb  about  two- thirds  as 
large  as  the  hinder  jjair,  with  only  three  clawed 
digits,  the  fourth  and  fifth  rudimentary.  In  the 
jies  the  fifth  digit  is  reduced,  and  the  first  much 
shorter  than  the  rest.  Total  length  slightly  exceed- 
ing 1 m.  Trias  ; Connecticut. 

A mmosaurus,  Marsh  ; Bathygnatlius,  Leidy  ; Arcto- 
saurus,  Adams  ; Clepsgsaurus,  Lea.  Represented  by  fragmentary  remains  from 
the  Trias  of  North  America. 

Ccratosaurus,  Marsh  (Figs.  328,  329).  Skeleton  4-5  m.  long,  skull 


Fici.  3l'7. 

,(  H r}i ! sii  X rus  major,  Marsh. 
1’ria.8 : .Mauc’l)»*stfr,  Coni).  ^'4. 

Ihtrsfil  aspect  of  l)in<l  foot. 

Astra^'alus ; <\  Calcainnim ; /, 
Fibula:  ^ Tibia:  /*j.^4,  [)istal 

tarsals:  1 — V,  l)igiis  (after  .Mar.sh). 
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relatively  very  large  and  delicate.  Nasal  bones  long,  fused,  and  supiiorting  a 
large  median  horn-core  ; prefrontals  laterally  swollen  and  partly  overhanging 

A B 


Fig.  32S. 


Ceratosaurus  nasicoruis,  Marsh.  Upper  Jura;  Colorado.  Skull  from  anterior  (.1),  and  lateral  (JJ),  aspects, 
Vf).  Orbit ; D,  Antorbital  vacuity  ; D\  Mandibular  vacuity  ; A,  External  nostril ; Supratemporal  ^■acuity  ; 
(after  Marsh). 


the  orbits,  which  are  inferior  in  size  to  the  lateral  temporal  vacuities. 
Cervical  vertebrae  strongly  opisthocoelous,  flattened  in  front.  Tail  long, 
compressed  and  deepened  in  its  anterior  portion,  as  indicated  liy  the  long 

neural  spines  and  chevron  bones.  Pelvic  elements 
fused  at  the  acetabulum  ; pubic  and  ischial  sym- 
physes expanded.  Fore -limbs  very  small,  and 
manus  with  four  digits  (l-iv)  each  bearing  a claw. 
Femur  much  curved  ; astragalus  not  fused  with 

the  tibia,  but  bearing  a large 
ascending  process.  Digits 
Nos.  I and  v wanting  in  the 
hind  foot ; metatarsals  fused 
together  (pathologically  ■?) 
and  with  the  distal  tarsals. 
Dermal  ossifications  observed 
in  the  neck  region.  Upper 
Jura;  Colorado.  C.  nasi- 
cornis.  Marsh. 


Fig.  329. 

Cemtosaurus  na^icoruis,  Marsh. 
Upijer  .Iiira  ; Colorado.  Restora- 
tion of  .skeleton,  1/40  (after  Marsh). 


I Allosaurus,  Marsh  (Fig.  330).  Skull  unknown.  Vertebrae  and  appen- 

dicular skeleton  resembling  Ceratosaurus,  except  that  the  pelvic  elements  and 
metatarsals  are  not  fused.  Upper  Jura  ; Colorado. 

I Lahrosaurus,  Marsh.  Ujiper  Jura ; Colorado.  Strepfospondylns,  v.  Meyer, 

j Upper  Jura;  Northern  France  and  England. 

j Mcgalosaurus,  Buckland  {Poikilopleuron,  Deslong.),  (Fig.  331).  Teeth  with 

i 
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serrated  anterior  and  posterior  cutting  edges.  Cervical  vertebrae  sliglitly 

y;  opisthocoelous.  Femur  1 m.  and 

scapula  0’8  m.  long.  Hallux  directed 
inward  as  in  ^-Ipterijx,  and  with  a com- 
plete functional  phalanx  and  claw. 
Abdominal  ribs  present.  Lias  to 
^V  ealden  ; Europe  and  iNorth 
America. 

LaeJaps,  Cope 
(Jj  r /I  p i 0 s a urvs, 
Marsh).  Skull 
and  femur  each 
about  0'6  m.  long  ■ 
prefrontal  form- 
ing a superciliary 
crest;  orbit 
scarcely  separated 
from  antorbital 
vacuity.  Teeth 
and  other  char- 
acters similar  to 
M c(!  alo  s a n r ii  s. 
U PI  >er  Cretaceous; 
iMontana. 

llypsirophus, 
Cojie  ; Orniiho- 
minms,  Marsh  ; 

M,  On!nfiiurush)iHhimli,  uhlllSodoil,  Coclo- 
V.  Meyer.  Hatlioiiiaii ; ■ . 

Stoiie.slicld,  Eii(;Iuml.  SdllVIlS,  Lei(l\'. 

Known  by  frag- 

mentarv  remains  from  the  Ujijier  Cretaceous  of  North  America. 


Kkl  331. 


AVoSn  UI'H: 
Uestoratioii 
i/.j„  (after  M 


Ma 

of  aiit'Tior 

arslj)- 


'10.  330. 

•sh.  .Jura;  Coloradn, 

(.1),  anti  posterior  (/»’),  liTiilts, 


Kamil V 2.  Compsognathidae.  Huxley. 

J'eiiehni/f  and  Umh  Imneti  hallow,  (,'crriral  rerlehrae  sUghlly  opisfhoroelovs,  posl- 
ccrricnh  a inphiplalyan.  Keck  lony  and  flexible;  ccrvira!  ribs  styliforin.  I'vbe.s 
stoaf,  isrhia  shorter  ami  mare  slender.  Femur  shorter  than  tibia.  Metatarsals 
Iona  : maniis  and  pes  tvith  three  functional  <liyils,  the  inner  and  outer  ones  rvdi- 
meafary.  Upper  dura. 

Comp.saynath IIS,  'Wagner  (Figs.  .'532,  333).  Kepresented  by  a unique 
skeleton  of  a fully  grown  individual  from  the  Lithogra])hic  Stone  of  Kelheim, 
Lavaria,  and  ])reserved  in  the  (Munich  (Museum.  It  is  the  smallest  known 
Dinosaur,  and  interesting  in  that  it  contains  an  embryo  within  the  abdomen, 
first  detected  by  (Marsh.  Skull  bird-like,  about  7b  mm.  long,  its  long  axis 
set  at  right  angles  to  the  relatively  long  neck.  The  twenty-two  presacral 
vertebrae  have  a combined  length  of  20  cm.,  and  the  caudals,  of  which 
only  fifteen  are  preserved,  measure  about  the  same.  Fore-limbs  only  half  as 
long  as  the  hinder  pair.  Proximal  tarsals  tend  to  form  with  the  tibia  a bird- 
like tibio-tarsus ; astragalus  with  long  ascending  process  closely  applied 
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iigainst  anterior  face  of  tibia ; distal  tarsals  represented  by  three  small 
flattened  bones.  (J.  longipes,  Wagner. 

Jlallopus,  Marsh.  A small  form  apparently 
related  to  the  preceding.  Fore -limb  relatively 
shoi’t  and  with  four  digits.  Astragalus  without 


Fig.  33-2. 

Compsognatlius  (oiujipes,  Warner,  lithographic  Stone  ; Ivelheiin, 
Bavaria.  Skeleton,  V4  (after  A.  Wagner). 


Co  ni}) sognathiis  1 ongi pc 
Wagner.  Left  hind  foot,  1/]. 
l\  Fibula  ; iUetatarsals  ; T. 
Tibia  ; Distal  tarsals 

(after  Baur). 


ascending  process;  calcaneum  produced  into  a “heel,”  suggestive  of  the 
power  of  leaping.  Upper  Jura;  Colorado. 


Family  3.  Coeluridae.  Marsli. 

Skull  unknotcn ; verlebrae  and  all  other  bones  of  the  skeleton  hoUmv.  Ckrrical 
ribs  fused  ivith  their  centra.  Neural  canal  (jreafh/  enlarged.  Metatarsals  verg  long 
and  sleiader.  Upper  Jura  and  JVealden. 

Coelurus,  Marsh  (Aristosuchus,  Seeley).  Known  only  by  portions  of  the  ver- 
tebral column,  pelvis,  and  limb  bones.  Centra,  neural  arches,  and  all  jirocesses 
of  the  vertebrae  have  hollow  interiors,  and  the  neural  arches  are  suturally 
united  with  their  centra.  In  the  cervical  and  trunk  regions  the  neural  canal  is 
greatlv  dilated.  Upper  Jura;  AVyoming  and  Maryland.  M^ealden  ; England. 

Thecospnndi/lus,  Seeley;  Calainospuiidi/lus,  Iiydekker.  'Wealden ; England. 
TirJtosteus,  Co\re.  Uppier  Jura;  Colorado.  All  these  names  apply  to  detached 
verteVirae.  According  to  Cope,  the  peculiar  vertebrae  described  by  von  Meyer 
from  the  Muschelkalk  of  Bayreuth  under  the  name  of  Tanystropheus,  and 
occurring  also  in  the  Trias  of  New  Mexico,  belong  to  this  family. 


Sub-Order  2.  SAUROPODA.  Marsh.  (Cetiusauria.)^ 

More  or  less  massive,  herbivorous,  quad rupedal  Itinosaurs.  Skull  relatively  small, 
aritorbital  vacuiity  large.  Brain-case  completely  ossified  ; no  predentary  bone.  Teeth 
^ Literature  ; 

Hatcher.  .7.  li.,  Diploilocus,  Marsh  (Mem.  Carnegie  Museum,  vol.  I.),  1901. — Marsli,  O.  C.,  The 
Diiio,sanrs  of  North  America  (16th  Ann.  Rep.  U.S.  Geol.  Surv.),  1896. — Osborn,  II.  F.,  Adilitional 
characters  of  the  great  herbivorous  Dinosaur,  Camarasaurus  (Bull.  Amer.  Mus.  Nat.  Hist.  vol.  X. 
p.  219),  1898. — A Skeleton  of  Diplodocus  (Mem.  Amer.  Mus.  Nat.  Hist.  vol.  I.  pt.  V.),  1899.- 
PhiUips.  J.,  Geology  of  Oxford  and  the  Valley  of  the  Thames.  Oxford,  1871. 
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spatidaie,  with  anterior  and  iiosterior  cutting  edges.  Cervical  and  anterior  dorsal 
vertehrae  opisthocoelous  ami  much  hollowed  on  each  side  ; the  rest  amphiplatgan. 
Xeund  canal  much,  expanded  in.  the  sacrum.  Fuhes  inoderatelg  long,  jirojecting 
simphj  downwards,  and  united  distalhj  hg  cartilage;  no  post-jiuhic  j/rocess.  Limb 
hones  solid,  femur  withoid  prominent  inner  trochanter.  Fore-limhs  ontg  sligldlg 
shorter  than  the  hinder  pair.  All  four  feet  semiplantigrade,  with  five  more  or  less 
reduced  digils ; distal  row  of  carpids  and  tarsals  apparenthj  unossified.  l)crmal 
armour  absent. 

The  Sauropoda  display  closer  relationships  with  Crococlilians  than  do  the 
other  orders  of  Dinosaurs,  and  share  a number  of  features  in  common  with 
the  Farasuchia,.  In  this  order  are  included  some  of  the  most  prodigious  land 
animals  known.  Their  dentition  and  nature  of  the  articulations  prove  clearly 
that  they  were  herbivorous,  and  the  parity  of  their  limbs  demonstrates  the 
gait  to  have  been  in  most  cases  quadrujiedal.  Dollo  has  suggested,  how- 
ever, that  the  latter  habit  was  ]>ossibly  secondary,  and  that  all  these  animals 
were  at  one  stage  bi[)edal  like  the  Iguanodonts,  which  have  a similar  form 
of  pelvis. 

The  skull  is  incompletely  known  except  in  the  genera  Diplodocus,  Moiv- 
saurus,  and  Brontosaurus.  Teeth  of  long  cylindrical  or  spatulate  aspect,  and 
with  anterior  and  posterior  cutting  edges,  are  present  in  the  ]>aired  premaxillae 
and  in  at  least  the  anterior  portion  of  the  maxillae.  The  orbits  are  large  and 
laterally  directed,  the  antorbital  vacuities  are  also  extensive,  and  the  external 
nares  elongated.  The  position  of  the  latter  is  between  the  premaxillae, 
maxillae,  and  nasals.  A predentary  bone  is  not  developed. 

The  cervical  and  anterior  donsal  vertebrae  are  opisthocoelous,  and  much 
hollowed  along  the  sides.  The  double-headed  cervical  ribs  are  fused  in  part 
at  least  with  their  respective  centra  and  neural  arches,  and  the  neural  s])ines 
are  reduced  or  paired,  as  in  IHplodocus.  In  the  posterior  dorsal  vertebrae 
there  is  a hyposphene-hypantrum  arrangement,  as  well  as  ]>re-  and  post- 
zygapo])hyses.  The  centra  of  the  dorsal  vertebrae  (Fig.  •b'D),  and  sometimes 
also  of  the  other  regions,  contain  large  interior  cavities,  which  were  jirobalily 
pneumatic  during  life.  These  chambers,  of  which  there  are  one  or  more  on 
each  side,  are  separated  by  a median  longitudinal  se])tum,  not  always  con- 
tinuous, and  open  outwardly  by  a foramen  or  elongated  aperture  near  the 
base  of  the  neural  arch.  In  the  ])resacral  and  anteiior  caudal  vertebrae,  the 
neural  arches  and  s[)ines  are  likewise  hollowed.  Each  sacral  vertebra 
su])ports  its  own  rib.  In  IHplodocus  the  arches  formed  by  the  diapophysial 
laminae  of  the  sacrum  have  their  origin  in  the  union  of  two  laminae  springing 
from  distinct  A'crtebrae,  while  each  pair  of  sacral  ribs  originates  fiom  a single 
centrum.  The  neural  canal  in  the  sacrum  is  expanded  to  twice  or  three  times 
the  diameter  of  the  lirain  cavity.  The  postei’ior  caudals  have  solid  centra, 
slightly  concave  behind,  and  Hat  or  more  rarely  concave  in  front.  Chevron 
bones  aie  well  developed. 

In  the  pectoral  arch  the  sca])ula  is  elongated,  and  much  more  expanded 
distally  than  at  its  proximal  end.  The  coracoid  is  small,  more  or  less 
rounded  anteriorly,  and  suggestive  of  the  corresponding  element  in  Ilhyncho- 
cephalians.  The  humerus  has  a distinct  head,  and  is  somewhat  crocodilian- 
like.  The  pelvic  bones  are  never  cobssified,  and  the  acetabulum  is  open. 
The  ilium  exhibits  only  a slight  pre-acetabular  extension,  and  the  slender 
ischium  is  without  an  obturator  process.  The  ])ubes  are  stout,  directed 
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downwards  and  forwards,  and  meet  in  a cartilaginous  symphysis.  The  femur 
is  considerably  longer  than  the  crus,  and  its  large  head  is  directed  inward 
from  the  shaft  to  enter  the  acetabulum.  The  astragalus  is  without  an 
ascending  process.  All  the  phalanges  are  short,  and  the  ungual  ones  are 
compressed,  and  were  sheathed  with  horn,  or  hoof-like. 

Remains  of  Sauropoda  occur  principally  in  the  Middle  and  Upper  Jura  of 
England  and  Northern  France,  and  in  the  equivalent  formations  of  the  western 
United  States,  especially  "Wyoming  and  Colorado.  They  are  also  known  from 
the  Wealden  and  Lower  Cretaceous  of  England,  and  from  the  Ujiper  Mesozoic 
of  Madagascar,  India,  and  Patagonia. 

Family  1.  Camarasauridae.  Cope.  (Atlanfosaiiriilae.) 

Teeth  more  or  less  compressed,  and  with  anterior  and  posterior  cutting  edges. 
Chevron  hones  articulated  ivith  the  solid  caudal  vertebrae.  Jura  and  Wealden. 

Cetiosaurus,  Owen  {Cardiodon,  Owen).  A skeleton  lacking  the  skull  and 
cervical  vertebrae  (C.  oxoniensis,  Phillips,  from  the  Bathonian  of  Oxford, 


Fig.  334. 

Ornitliopsis  liuU;ei,  Seeley.  Wealden  ; I.sle  of  Wight.  A,  Anterior  asjiect.  B,  Lateral  aspect.  C.  Cross- 
section  of  dorsal  vertebra,  1/3.  h,  ^^terior  face  of  centrum  ; c,  Posterior  cup  ; >1,  Transverse  process  ; /,  Lateral 
air-cavity  ; hsp,  Hyposphene  ; ?i,  Neural  canal ; o,  Median  septum  ; p,  Capitular  facette  for  rib  ; s,  Neural  spine  ; 
r,  r , Pre*  and  post-zj-gapopliyses  ; za,  Hypaiitrum  (after  Hulke). 

England),  indicates  a total  length  of  at  least  12  m.,  and  a height  of  about 
3 m.  Humerus  and  femur  are  of  about  equal  length,  the  latter  U7  m.  long. 
Ischia  smaller  than  the  pubes,  and  distally  contracted.  Middle  Jura ; 
England. 

Camarasaurus,  Cope  (Atlantosaurus),  ^larsh.  Fore-limbs  longer  than  the 
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hinder  pair,  humerus  of  eqMJil 
length  with  the  femur,  thorax 
proportionally  large.  Scapula 
.1 


Kig.  .s.si;. 

lit  iintosiiiirns  exr<’JsuSy  !Marsli.  Uppor  Jura 
Wyoiiiin*;.  A,  Posterior  aspi^ct  of  sixlli 
cervical  vcrt(*bra.  B,  Fjateral  asjiect  of 
dorsal  vertebra,  Vi2*  Lettering  as  in  Kig. 
834  (after  Mar.sli). 


expanded  at  proximal  end, 
coracoid  elongate  and  straight 
at  articular  border.  Centra  of 
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dorsal  vertebrae  elongate  and  but  slightly  hollorved  latei'ally.  Sacrum  com- 
posed of  four  anchylosed  vertebrae  having  slight  cavities  in  the  centra. 
Ischia  distally  expanded  and  meeting  in  a rmutral  symphysis.  Antei'ior 
caudal  vertebrae  relatively  small,  having  short,  blunt  transverse  jirocesses 
and  no  lateral  cavities.  Upper  Jura  ; Colorado. 

Brontosaurus,  Marsh  (1  A7nphicoeleas,  Cope),  (Figs.  335,  336).  Total  length 
upwards  of  18  m.  Skull  remarkably  small,  and  brain  cavity  exceedingly 
diminutive.  Neck  long 
and  flexible,  trunk  short, 
and  tail  elongated. 

About  thirteen  cervical 
vertebrae,  with  very 
small  neural  canal,  and 
no  neural  spines.  Cer- 
vical ribs  hatchet-shaped, 
the  anterior  ones  fused 
with  their  centra,  the 
hinder  ones  articulated. 

All  the  centra  deeply 
hollowed,  the  inner 


Fig.  338. 


Mvrosav  rus  grandis,  Marsh.  Upiier  Jura;  Wyoming.  .1,  Jj,  Lateral 
MorosoAtrus  grandis,  Marsh.  aud  jtosterior  aspects  of  fourth  cervical  vertebra,  i/s-  Lettering  as  in 

Upper  Jura;  Wyoming.  A,  B,  Fig.  334.  C,  Pelvis  viewed  from  in  front,  a-p,  The  four  sacral 

Lateral  and  anterior  aspects  of  vertebrae;  h,  c,  c,  Transverse  processes;  il,  Ilium;  is.  Ischium;  rr, 
tooth,  Neural  canal ; Pubis  (after  Marsh). 


cavities  of  the  dorsals  divided  by  a narrow  median  septum.  The  live  sacral 
vertebrae  are  fused,  as  are  also  the  neural  spines  of  the  three  median  sacrals. 
A pair  of  supposed  sternal  bones  between  the  perforated  coracoids.  Ischia 
less  robust  than  the  pubes,  somewhat  expanded  distally,  and  meeting  in  a 
ventral  symphysis.  Upper  Jui-a  ; Wyoming  and  Colorado. 

Morosanrns,  Marsh  (Figs.  337,  338).  Cervical  ribs  not  fused  with  their 
supporting  processes.  Neck  extremely  long  and  flexible,  back  short,  with  but 
ten  dorsal  vertebrae.  Chevron  bones  articulated  by  two  facettes,  with  their 
centra.  Four  sacral  vertebrae.  Shaft  of  i)ubes  rotated  distally  through  a 
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tjuadrant  of  arc,  so  that  the  ]Mibic  symphysis 
is  formed  l)y  the  lateral  faces  instead  of 
extremities  of  the  hones.  Upper  Jura; 
Wyoming  and  Colorado. 

Apafosaurus,  Marsh.  Upj)er  .Tura  ; 
Colorado.  Plenrorodns,  IMarsh.  Lower  Cre- 
taceous ; IMarylaud. 

Vniithopsis,  Seeley  {PelOrosaurm,  Mantell  ; 
Pvcamerofus,  Hulke  ; CJioiidrosfeosanrus,  Jlofh- 
nospond  111  us,  Owen),  (Fig.  .3.34).  Cervical 


Fii..  aii'.i. 

DiplnUorvs  lunrjiis,  Marsli.  Upper  .Jura  ; Cafioii  City,  Colorado. 
.Skull,  1/8  (after  .Marsh). 


vertebrae  elongated,  dorsals  with  exjjaiided 
neural  canal.  Fragmentary  remains  of  large 
size  freipient  in  the  Upper  Jui'a  and  Wealden 
of  England.  0.  hulhi,  Seeley. 

I daiinsuurus,  Arfiijrosaurus,  Lydekker. 
Supposed  Cretaceous  of  Patagonia. 

Family  2.  Diplodocidae.  Mar.sli. 

leetli  slender  and  n/Iindrir.al,  cuiifined  tu 
Jront  margin  of  the  jaws.  External  narial 
opening  small,  unpaired,  ptlared  at  apex  of  the 
skull.  Caudal  rertehrae  elougated,  veniralhj 
excavated ; cherrori  hones  double  posteriorly,  each 
haring  both  anterior  and  pejsterior  branches. 
Upper  Jura. 

Diplodorus,  Marsh  (Fig.  339).  Total 


I’lG.  SliS'A. 

Diplmloam  mineijii,  Hatcher.  Upper  Jura;  Wyoiiiiug.  i/imi  (after  Hatcher). 
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length  upward  of  20  m.  ; skull  only  O'G  ni.  long,  elevated  and  laterally  com- 
pressed. In  front  of  the  triangular  antorbital  vacuity  is  a small  maxillary 
vacuity  ; supratemporal  fossa  very  small ; quadrate  much  inclined  forwards. 
Neck  extremely  long  and  flexible,  and  back  extremely  short.  At  least  fifteen 
cervicals,  eleven  dorsals,  four  sacrals,  and  thirty-seven  or  more  caudals  present. 
Sternal  bones  as  in  Broniosaurus.  Upper  Jura;  Wyoming  and  Colorado. 


Sub-Order  3.  PREDENTATA.  Marsh.  {Orthopoda,  Cope.)  ^ 

Large  herbivorous  Dinosaurs  with  compldehj  ossified  brain  case,  little  or  no 
antorbital  racuitg  in  the  skull,  and  toothless  predentarg  hone  in  front  oj  the  inandMe. 
Premaxillae  edentulous  at  least  in  front  (rarelg  with,  small  lateral  teeth)  ; maxillae 
and  dentarg  with  stout  grinding  teeth,  arranged  in  one  or  more  functional  series. 
Teeth  usuallg  compressed  or  spatulate,  ivith  serrated  anterior  and  posterior  cutting 
edges,  but  becoming  worn  down  to  flattened  stumps  with  age.  External  nares  large, 
pilaced  at  extremitg  of  the  skull.  Vertebrcd  centra  solid,  opisthocoelous,  amiphiplatgan, 
or  sometimes  even  amphicoelous.  Cervical  ribs  looselg  articulated  with  their  centra. 
Pubes  slender  and  distallg  free.  Post-pubis  slender,  of  variable  length,  and  directed 
dotunwards  and  backwards  parallel  with,  the  ischium  ; the  latter  with  obturator  process. 
Limb  bones  solid  or  hollow ; anterior  extremities  shorter  than  the  hinder  pair. 
Astragcdus  without  ascending  process  ; hind  feet  digitigrade  or  plantigrade . 
JJerrnal  armour  sometimes  stronglg  developed  (Stegosauria),  in  other  cases  alrsent 
[Lguanodontia). 

This  sub-order  comprises  more  or  less  massive  herbivorous  Dinosaurs,  some 
of  which  must  have  been  bipedal  in  gait,  and  others  quadrupedal.  They  are 
distinguished  from  the  preceding  groups  chiefly  by  characters  of  the  pelvis, 
presence  of  a predentary  bone,  and  edentulous  preniaxillae.  The  unarmoured 
Predenkda  are  represented  by  the  bipedal  Ornithopodidae  ( — Lguanodontia),  and 
the  armoured  division  l>y  the  quadrupedal  Stegosauridae  and  Ceratopsidae. 

Family  1.  Iguanodontidae.- 

Long  axis  of  skull  set  at  right  angles  to  the  neck.  Antorbital  vacuitg  small, 
mandibular  coronoid  process  stronglg  developed.  Teeth,  when  unworn,  of  petcdoid 
aspect,  socketed  in  a single  f unctional  row.  Cerviccd  and  anterior  dorsal  vertebrae 
opisthocoelous.  Pelvis  of  the  quadriradiate  tgpe  ; post-pubic  process  long  and  slender  ; 
fore-limbs  onlg  about  hcdf  as  lung  as  the  hinder  pair  ; pes  tridactgl,  clawed  or  hoofed  ; 
gait  bipedal  and  digitigrade.  Dermal  armour  absent.  Upper  Jura  and  Cretaceous. 

The  pelvis,  as  has  already  been  pointed  out  (cf.  Fig.  326),  is  more  1)ird-like 
than  that  of  any  other  re})tilian  group.  The  ilium  generally  has  its  pre- 

^ Literature  : 

Marsh,  ().  C.,  The  Dinosaurs  of  North  Ameriea  (16th  Ami.  Rep.  U.S.  Geol.  Surv.),  1896. 

“ Literature  ; 

Co2>e,  E.  D.,  Oil  the  characters  of  the  skull  iu  the  Hadrosauridae  (Proc.  Acad.  Nat.  Sci.  Philad. 
p.  98).  1883. — hollo,  L.,  Notes  sur  les  Dinosauriens  de  Beriiissart  (Bull.  Mus.  d’Hist.  Nat.  Belg. 
vols.  1.,  II.),  1882-84. — Hulke,  J.  Tl'.,  On  llypsilophodon  Foxii  (Quar.  Jourii.  Geol.  Soc.  vol. 
XXIX.  p.  522),  1873. — Also  ibid.  vol.  XXX.  (1874),  p.  18,  and  Phil.  Trans,  vol.  CLXXIIT.  (1882), 
p.  1035. — Huxley,  T.  H.,  On  Hypsilophodon  (puar.  Journ.  Geol.  Soc.  vol.  XXVI.  p.  3),  1870. — 
Leidy,  J.,  Cretaceous  Reptiles  of  the  United  States  (Smithson.  Misc.  Coiitrib.),  1864. — Maniell, 
6.  -4.,  Oliservations  on  Iguanodon,  Hj’laeosaurus,  etc.  (Phil.  Trans.),  1825,  1841,  1848,  1849. — 
Marsh,  O.  Q.,  On  Hypsilophodon,  etc.  (Ainer.  .Journ.  Sic.  [3],  vol.  L.),  1895. — Mopcsa,  Jr.,  F.  !>., 
Dinosaurienreste  aus  Siebenbiirgen  (Denkschr.  Akad.  Wissensch.  Wien,  vol.  LXVIIL),  1899. 
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acetabular  iiortioii  much  extended,  and  the  ischium  has  an  obturator  process. 
Supposed  sternal  ossifications  sometimes  occur. 

Campfosaurus,  Marsh  (Cumpfonotus,  IMarsh).  Attaining  a total  length  of 
about  10  ni.  Cervical  ribs  short;  dorsal  vertebrae  amphiplatyan  ; sacrals 
not  anchylosed.  Pubi.s  robust,  post-pubis  of  equal  length  with  the  long  and 
slender  ischium.  Pendent  inner  fourth  trochanter  of  femur  very  marked. 
Proximal  tarsals  sej)arated.  Upper  Jura;  AVyoming  and  Colorado.  Kim- 
meridgian  and  \Yealden  ; England. 

Luosaurns,  Vrposaimis,  Xanosairnis,  Marsh.  U[)per  Jnra  ; Wyoming  and 
Colorado. 

H/Ipsilojihudoii,  Huxley.  Premaxillae  each  with  five  small  deeply-socketed 
lateral  teeth,  edentulous  and  beak-like  in  front;  nasals  elongated.  Vertebrae 
amphiplatyan.  Sternum  partly  ossified.  Post-[)ubis  of  equal  length  with  the 


Fii;.  :i40. 

Jffiianod'iH  brniit^sui  tnisis.  Jioul.  WeaMen  : Beniissart,  Belgimn.  Skull,  Orbit ; Articular ; 

I)*‘iitary  ; ./>,  Frontal ; jit,  Jugal  : l<i.,  Ijicbryrnal ; in.r,  Ma.xilla  ; A'.  External  nostril ; na,  Xasal  ; pa,  Parietal ; 
ji‘f,  I’rcflentary ; pnur.  Preinaxilla  : ptf,  Postfrontal;  //a,  Quadrate;  quj,  Quadrato-juL^al ; S,  Suprateiniforal 
vacuity  ; sq,  Squamosal ; x,  //,  ISuijraorbitals  (after  Dollo). 


ischium ; proximal  tarsals  separated  ; maims  and  pes  each  with  four  clawed 
digits.  Known  by  several  complete  skeletons  U5  m.  long  from  the  Wealden 
of  the  Isle  of.  M’ight. 

Ii/aanodun,  Mantell  (Figs.  340-.342).  Skull  laterally  compressed,  with 
large,  nearly  terminal  nostrils,  and  small  antorbital  vacuity.  Orbits  deeper 
than  wide,  smaller  than  the  irregularly  triangular  or  elongated  lateral  temporal 
\acuity.  Sujiratemporal  vacuities  of  moderate  size,  separated  by  the  narrow 
parietals,  which  meet  in  a shaiqi  median  crest.  Two  small  supraorbital  bones 
above  the  eye,  but  no  sclerotic  ring.  Frontals  flattened  and  apparently  fused ; 
nasals  elongated.  Mandifmlar  suspensorium  nearly  vertical ; articular  portion 
of  the  quadrate  at  the  base  of  an  unusually  deep  pedicle.  Jugal  crescentic, 
bounding  the  orbit  inferiorly ; quadrato-jugal  rather  large ; lachrymal  small. 
Premaxillae  toothless,  Imt  with  sharpened  margin.  Maxillae  and  dentary 
with  numerous  closely-set  grinding  teeth  arranged  in  a single  row ; the  teeth 
when  unworn  are  spatulate,  loosely  socketed,  and  with  serrated  margins ; 
successional  teeth  well  formed  below  those  of  the  functional  row.  Mandibular 


ORDER  VIII 


DINOSAURIA 


239 


ramus  composed  of  six  pieces,  and  with  slender  coronoid  process.  There  are 
ten  cervical,  eighteen  dorso-lumbar,  four  to  six  sacral,  and  forty  to  fifty  caudal 
vertebrae.  All  the  presacral  vertebrae  except  the  atlas  and  a few  lumbars 

bear  ribs,  as  do  also  the  thirteen 
anterior  caudals.  Ossified  tendons 
frequently  observed  along  the  neural 
spines  of  the  Imck  and  tail.  Scapula 
very  long  and  slender  ; coracoid 
small  and  rounded,  notched  or  per- 
forate at  its  articular  border  ; 
snpjiosed  pair  of  sternal  bones 


341. 

lyuanodon  mantdli,  Owen.  Weaklen  ; Isle  of  Wight. 
Imier  (.4),  and  posterior  (li)  aspects  of  mandibular  tooth 
(after  Mantell). 


triangular. 


Manus 

pentadactyl,  the 
pollex  reduced  to  a 
single  s p u r - 1 i k e 
phalanx  ; the  others 
having  a formula  of 
3,  3,  3,  -f.  Ilium 
greatly  extended  on 
either  side  of  the 
acetabulum.  Post- 
pubis process  slender 
and  rod-like,  shorter 
than  the  ischium. 

Femur  scarcely 
longer  than  the  crus, 

and  with  prominent  pendent  inner  trochanter.  This,  according  to  Dollo,  is 
distinct  from  the  third  trochanter  of  mammals,  and  indicates  a powerful  caudo- 
femoral  musculature,  as  in  birds.  Metatarsal  No.  I rudimentary.  No.  V wanting  ; 
the  three  ungual  phalanges  broad  and  claw-shaped  ; formula  of  pes,  0,  3,  4,  5,  0. 

Ignanoclon  is  known  by  numerous  complete  skeletons  from  the  'Weaklen  of 
Bernissart,  near  Mons,  Belgium,  as  many  as  twenty -three  being  exhibited  in  the 
Brussels  Museum.  Fragmentary  remains  occur  also  in  the  English  Weaklen. 
Lower  Greensand,  Purbeckian,  and  perhaps  also  in  the  Kimmeridge  Clay.  The 
typical  species,  /.  mantdli,  Owen,  from  the  M^eaklen  of  England,  attains  a total 
length  of  C m.,  and  I.  bernissartensis,  Boulenger  ( = /.  seelei/i,  Hulke),  is  between 
8 and  10  m.  long.  As  proved  by  its  three-toed  footmarks,  the  animal  walked 
on  its  hind  feet  in  a kangaroo- like  attitude,  thus  leaving  the  hands  free  for 
iirehension. 


J</uanodon  herriissartensis,  Boul.  Wealdeii  ; Bernissart,  Belgium,  (’omplete 
skeleton,  i/fio-  Coracoid  ; is,  Ischiuiu  ; p,  Pubis ; Postpubic  process  ; sc, 
Scapula  ; I — Digits  (after  Dollo).  . 
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Trachodon,  Leidy  (Hadrosaurus,  Thespesius,  Leidy ; Didonius,  Cope),  (Figs. 
343-345).  Skull  elongated,  depressed,  -with  broad,  beak-like  snout,  very  large 


Fig.  343. 


'1  riirlioiluii  mirabilis,  Li'idy.  Up[jerniost  Cretaceous  (Laramie  Formation);  Dakota.  Superior  and  lateral 
aspects  of  skull,  Vn>.  A,  Oikit;  Angular;  art,  Articular;  fr,  Frontal;  jii,  .Jugal  ; !u,  Lachrymal;  mx, 
.Maxilla;  K,  Antorbital  vacuity;  na,  Xa.sal ; pa.  Parietal  ; pmx.  Premaxilla;  prd,  Predeiitary  ; p//,  Prefrontal; 
ptf.  Postfrontal  ; qa.  Quadrate';  rpij,  Quadrato-jugal  ; S,  Lateral  temporal  vacuity;  .S',  Supratemjmral  vacuity 
so,  .Siipraoccipital  ; .v'/.  Squamosal  (after  Cope). 


nostrils,  subrectangular  orbits,  and  long  and  narrow  temporal  vacuities.  Parietal 


.1  /; 


Fig.  344. 

Trarhoiloii  fonll.i,  Leidy.  Upper  Cretaceous; 
New  .Jersey.  Inner  (.1),  o'uter  (7i),  and  (C),  lateral 
as]iects  of  mandibular  tooth,  somewhat  worn,  l/i 
(after  Leidy). 


A 


Fig.  34.i. 

Trwhodon  brevlceps,  .Marsh  sp.  Ujiper  Cretaceous  ; 
Montana.  A,  Inner,  and  JJ,  Superior  aspect  of 
functional  and  successional  teeth  of  dentaiy,  V4 
(after  Marsh). 


very  small ; premaxillae  edentulous.  Teeth  closely  arranged  in  an  alveolar 
groove  opening  inwardly,  the  successional  teeth  forming  several  tectiform 
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series.  Dorsal  vertelirae  opisthocoelous ; caudals  amphiplatyaii.  Other 
characters  as  in  Iguanodon.  Upper  Cretaceous;  New  Jersey,  Dakota,  and 
IMontana. 

Claosaiims,  Marsh.  Skull  very  similar  to  the  preceding,  and  the  genus 
possibly  not  distinct  from  Trachodon.  Nostrils  large,  and  no  snpra-orbital 
bones  observed.  There  are  thirty  jJresacral  vertebrae,  nine  fused  sacrals,  and 
about  sixty  caudals.  All  the  presacrals  are  opisthocoelous  and  costiferous  ; 
anterior  caudals  also  opisthocoelous,  and  with  very  long  chevron  bones.  Fore- 
limbs unusually  short  and  small  in  proportion  to  the  hinder  pair.  In  the 
maims  digit  I is  rudimentary,  and  No.  V is  wanting;  functional  digits 
hoofed,  each  with  three  phalanges.  Functional  digits  of  hind  foot  very 
massive,  with  broad  hoofs ; their  formula  0,  3,  4,  5,  0.  C.  aimectuns,  Marsh, 
attains  a length  of  9 m.  A complete  mounted  skeleton  in  Yale  Museum. 
Upper  Cretaceous  ; Colorado,  Wyoming,  and  Montana. 

Limnosaurus,  Nopsca.  Cretaceous  ; Austria. 

Family  2.  Stegosauridae.  Marsh.  {Scelidosanridae,  Huxh^y.)  ^ 

Skidl  small,  without  antorbital  vacuitg  ; nostrils  large  and  -placed  far  forwards  ; 
premaxillae  edentulous.  J'ertehrae  amphicoelous  or  a-mphiplatgun,  and  solid  through- 
out, like  the  limb  bones.  Fost-pubic  process  robust ; fore-limbs  much  smaller  than  the 
hinder  pair.  Feet  plantigrade,  tri-  or  penta-dactgle,  with  short,  hoof-like,  ungual 
phalanges.  Exoskeleton  stronghj  de-veloped,  consisting  of  a series  of  large  dermal 
plates  and  spines.  Lias  to  Upper  Cretaceous. 

This  family  comprises  moderate  or  large-sized  Fredentata,  with  well- 
developed  exoskeleton,  solid  limb  bones,  and  solid  amphicoelous  or  amphi- 
platyan  vertebrae.  The  dermal  armour  usually  consists  of  large  bony 
plates  or  spines,  but  in  a few  genera  the  back  is  encased  in  a continuous 
shield  of  fused  plates  (Folacanthus).  The  neural  canal  of  the  sacrum  is 
sometimes  enormously  expanded.  In  the  pelvis  the  post-pnbic  jirocess  is 
greatly  extended,  as  in  the  Ornithopodidae,  and  there  is  likewise  a marked 
disparity  between  the  fore-  and  hind-limbs.  The  gait  was  probably  in  most 
cases  quadrupedal,  although  a study  of  femoral  characteristics  has  led  Dollo 
to  suggest  that  they  may  have  been  at  least  at  one  stage  bipedal. 

Stegosaurus,  Marsh  (Figs.  346-348).  Skull  narrow  and  depressed,  relatively 
very  small,  and  brain  cavity  in  proportion  to  size  of  the  body  more  diminutive 
than  in  any  other  land  vertebrate.  Orbits  small ; laterally  directed  ; supra- 
temporal  vacuities  small  and  rounded  ; nasals  nearly  half  as  long  as  the  skull. 
Mandibular  ramus  deep,  pierced  by  a lateral  foramen.  Teeth  very  numerous, 
bluntly  pointed,  more  or  less  spatulate  in  form,  loosely  socketed  in  a single 
functional  series.  Vertebrae  slightly  amphicoelous  or  with  flat  ends,  the 
cervicals  with  short  ribs  and  dorsals  with  much  elevated  neural  arches,  on 
which  the  stout  dorsal  ribs  are  borne.  Sacrum  of  four  fused  vertebrae,  some- 
times with  one  or  more  Inmbars  added  on  in  front ; their  neural  canal  enlarged 

1 Literature  : 

Buazd,  E.,  Reptilien  der  Gosauformation  (Abhandl.  Geol.  Reichs.  Aiistalt,  vol.  V.  pt.  1),  1871. 
— Davies,  W.,  On  the  exhumation  of  Oniosaurus  (Geol.  Mag.  [2],  vol.  III.  p.  193),  1876. — Ilulke. 
J.  ir.,  On  Polacanthus  (Phil.  Trans,  vol.  CLXXVIll.  B,  p.  169),  1887. — Marsh,  O.  C.,  On  Seleido- 
saurus,  etc.  (Amer.  Journ.  Sci.  [3],  vol.  L.),  1895. — Seeley,  M.  O.,  The  Reptile  Fauna  of  the  Gosau 
Formation  (Quar.  Journ.  Geol.  Soo.  vol.  XXVI.  ji.  620),  1881. — On  Polacanthus,  etc.  [ihid.  vol. 
XLVIII.  p.  81),  1892. 
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to  ten  times  the  capacity  of  brain  cavity  (Fig.  347).  Anterior  caudal  vertebrae 


Kio.  34U. 

Slniositunis  stenops,  JIarsli.  Upper  .Jura  ; Colorado.  Superior  and  lateral  aspects  of  skull, 

l/e  (after  Marsh). 


the 


largest  in 


the  column,  and  with 


strong 


-m 


.347. 

Sligosaums  Miirsli.  Upper  Jura ; 

Colorado.  -1,  Gutta-pprcha  cast  of  neural  canal  in 
sacrum,  clorsal  aspect,  1/4-  Same  of  brain  cavity, 
1 '4.  u,  Anterior  end  ; c,  Cerebral  hemispheres;  ch, 
Cerebellum  ; /,  Vacuities  betAveen  transverse  pro- 
cesses of  sacrum;  m.  Medulla  oblongata;  ol,  Olfac- 
tory lobe  ; op,  Optic  lobe  ; p,  Posterior  end. 


cavity,  and  the  neural  canal 
si.xteeii  dorsals,  one  lumbar. 


chevron  liones.  Fore-limb  short 
and  stout,  ulna  with  large  olecranon  jiro-, 
cess.  Manus  short,  apparently  penta- 
dactyle.  Femur  large  and  straight, 
without  inner  trochanter;  tibia  and 
hbula  much  shorter.  Astragalus  and 
calcaneum  fused  ivith  opposing  bones  of 
the  crus ; pes  tridactyle,  digit  No.  I 
rudimeutary,  and  No.  V wanting. 
Dermal  armour  consisting  of  two  rows 
of  flattened  bony  plates  extending  from 
the  back  of  the  head  well  down  the  tail, 
the  largest  plates  situated  immediately 
over  the  pelvis.  Four  spines  on  the 
tail,  and  throat  protected  by  a shield  of 
irregular  ossicles.  Known  by  complete 
skeletons  from  the  Upper  Jura  of 
Wyoming  and  Colorado.  S. 
i\Iarsh,  over  9 m.  long. 

Diracodon,  Marsh.  Is 
founded  on  the  young  of  this  species. 

Scelidusaur  as,  Owen.  Skull  only 
about  0’2.5  m.  long.  Teeth  M'ith  tri- 
angular or  spatulate  crowns,  coarsely 
serrated  on  the  margins.  All  the  centra 
amjihicoelous,  some  with  an  internal 
not  expanded.  There  are  six  or  seven  cervicals, 
four  sacrals,  and  about  forty  caudals.  Femur, 


iingulafas, 

probably 
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tibia,  and  fibula  hollow,  the  crus  somewhat  shorter  than  the  femur  and  not 
fused  with  proximal  tarsals.  Hind  foot  functionally  tridactyle.  the  hallux 
reduced,  and  digit  No.  v wanting ; phalangeal  formula  2,  3,  -4,  5,  0.  Dermal 
armour  of  longitudinal  series  of  small  tubercles  and  triangular  or  conical 
scutes  covering  the  back  and  tail.  S.  ha/rrisoni,  Owen,  attains  a length  of  4 m. 
Lower  Lias ; England. 

Echinodon,  Owen.  Purbeckian ; England.  Hylaeosaurus,  Mantell  : Vedi- 
saurus,  Hulke  ; Stempdix,  v.  Meyer.  Wealden.  All  imperfectly  known. 


Fig.  34S. 

Stegosaurus  ungulatus,  Marsh.  Upper  Jura  ; Colorado.  Restoration  of  skeleton,  i/so  (after  ilarsh). 

Polacanthus,  Owen.  Lumbar-sacral  region  completely  encased  in  a con- 
tinuous shield  of  fused  plates,  which  press  the  ilium  downwards.  "Wealden  ; 
Isle  of  Wight. 

Pricomd^on,  Marsh.  Founded  on  detached  teeth  from  the  supposed  L'pper 
Jura  of  Maryland. 

From  the  Upper  Cretaceous  of  Austria  and  North  America  a number  of 
fragmentary  remains  of  armoured  OrnitJwpoda  have  been  described  under  the 
names  of  Struthiosauriis  a,nd  EanuUosaunis,  Bunzel ; and  Crataeomus,  Oligosaurus, 
and  Hoplosaurus,  Seeley,  etc.  Like  the  members  of  the  following  family,  they 
are  supposed  to  represent  a highly  specialised  group  of  Stegosaurs. 

Family  3.  Ceratopsidae.  Marsh. 

Skull  of  enormous  size,  wedge-shajoed  in  form,  very  narrow  in  the  facial  portion, 
with  two  very  large  pointed  horns  on  the  f rontal s,  a median  nasal  horn  anteriorly,  and 
a row  of  sharp  projections  around  the  margin  of  the  posteriur  hood,  which  is  formed 
hy  the  parietals  ami  squarnosals.  An  upper  toothless  beak  is  formed  by  the  prernaxillae 
together  with  a median  “ rostral  ” bone  corresponding  to  the  predentary  of  lower  jaw. 
Teeth  with  a divided  root  fixed  in  sockets.  Vertebrae  arnjdiiplatyan  ; dorsal  centra 
extremely  short.  Limbs  nearly  equal ; five  hoofed  digits  in  the  fore-,  three  in  the  hind- 
foot.  Dermal  armour  imperfectly  known. 

Most  of  the  forms  here  included  attain  gigantic  proportions,  and  are 
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known  only  from  the  Uppermost  Cretaceous  (Laramie  Formation)  of  Mon- 
tana, Wyoming,  Colorado,  and  Dakota.  They  are  chiefly  remarkable  for 
the  armature  of  the  huge  skull,  the  strong,  ])ointed  horn-cores  of  which 
resemble  those  of  the  Boi'idue.  Their  rugose  outer  surface  exhibits  distinct 
vascular  impressions,  and  was  doubtless  once  sheathed  with  horny  tissue. 
Internally  they  are  hollow  at  the  base,  but  become  solid  higher  up. 

'Triceratoj)s,  Marsh  {Pohjunax,  ^Igathanmas,  Cope),  (Figs.  349,  350).  Skull 


over  U5 


m. 


loin 


exceeding  in 


Fig.  3411. 

Trictri'tops  serratHs,  Marsh.  Upper  Cretaceous  ; 
^lontana.  Outfr  (-•I),  and  lateral  (li)  aspect  of 
worn  maxillary  tooth,  C'l  (after  Marsh). 


transverse  processes,  and 
of  moderate  length,  chevron 


size  that  of  any  known  land  animal.  Facial 
region  compressed  and  pointed,  hinder  half 
greatly  expanded  and  hood-like.  There  is 
a sharp  cutting  beak  in  front,  a strong  nasal 
horn -core,  a pair  of  large  pointed  horns 
over  the  orliits,  and  a row  of  sharp  pro- 
jections around  the  margin  of  the  posterior 
hood.  External  nares  very  large,  jilaced 
lietween  the  nasals  and  rostral  bone.  Brain 
cavity  smaller  in  ])roportion  to  the  skull 
than  in  any  other  known  rejitile.  Besides 
the  dentary,  which  develops  a large  coronoid 
process,  an  articular,  angular,  surangular, 
and  splenial  are  distinguishable  in  the 
lower  jaw.  Atlas  and  axis  are  fused  with 
the  next  cervical  to  support  the  head  ; 
the  two  lumbars  and  first  four  caudals 
fused  with  the  sacrum,  which  has  double 
the  neural  canal  is  not  especially  enlarged.  Tail 
bones  placed  intervertebrally.  The  small  per- 


l ii  . 350. 

I'l  iixivtiips  jii'orms,  Marsli.  Unier  Cretaceuiis  ; Montana.  Uestoratioii  of  .skeleton,  1/70  (after  Mar.sli). 


forated  coracoid  sometimes  fused  with  the  sca]iula  in  old  individuals.  liadius 
and  nlna  short  and  stont,  the  latter  with  large  olecranon  jirocess ; manus 
with  five  hoofed  digits.  Ilium  much  elongated ; pubis  massive,  but  with 
slender  jfost-pubic  process.  Ischium  smaller  and  more  elongated  than  the 
jnibis.  Femur  not  much  longer  than  the  Immerus,  tibia  and  fibula  short,  the 
latter  very  slender.  Astragalus  usually  fused  with  distal  end  of  tibia;  pes 
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with  three  hoofed  digits.  Dermal  armour  not  observed.  Laramie  Formation  ; 

O 

Montana,  AVyoming,  and  Colorado. 

Cerafops  {Monodonins,  Cope),  Sterrholophus  (Fig.  351),  Toivsaarus,  Marsh. 


Sterrholophus  Jlahellatns,  Marsh.  Uijpermost  Cretaceous  ; Montana.  Lateral  ami  superior  as])ects  of  skull, 
Von-  Orbit;  e,  Marginal  bosses  (“  epioccipital  plates”):  /,  Brain;  h,  Horn-core;  h\  Nasal  liorn-core  ; N, 
External  narial  opening ; n,  Nasal ; p,  Parietal ; jkI,  Predentaiy  (restored  in  outline) ; Quadrate ; r,  Rostral 
bone  (restored  in  outline) ; S,  Suiiratemporal  \ acuity  ; s,  Squamosal  (after  Marsh). 

These  are  less  perfectly  known,  but  apparently  allied  genera  accompanying 
the  preceding  in  the  Laramie  Formation. 

Range  and  Distribution  of  the  Dinosauria. 

The  remarkable  and  by  no  means  homogeneous  group  of  Dinosauria  arose 
during  the  Trias,  attained  its  maximum  development  in  the  Upper  Jura  and 
Cretaceous,  and  passed  entirely  away  at  the  close  of  the  latter  period.  The 
abundance  of  Dinosaurs  during  the  Trias  is  indicated  by  countless  footprints 
in  the  sandstones  of  that  age  in  Massachusetts,  Connecticut,  Pennsylvania, 
Virginia,  and  North  Carolina,  where  hordes  of  these  creatures  roamed  along 
the  beaches  in  quest  of  iirey.  Upwai’ds  of  100  different  varieties  of  footprints 


246 


REFTILIA 


CLASS  III 


have  been  discovered  in  the  Connecticut  Valley,  varying  between  2 '5  cm.  and 
60  cm.  in  length.  Most  of  these  imprints  are  three-toed,  although  four-  and 
five-toed  tracks  also  occur,  and  their  paths  are  often  traceable  for  a number  of 
meters.  Since  many  of  these  indicated  creatures  of  bipedal  gait,  early  winters 
(notably  Hitchcock  in  1837  and  1858)  very  naturally  attributed  them  to 
birds,  and  designated  them  by  various  names.  The  paucity  of  skeletal  remains 
in  the  strata  ■where  footprints  are  so  conspicuous  a feature  is  remarkable. 

The  earliest  known  Dinosaurs  belong  to  the  carnivorous  group  of  Theropoda, 
and  are  extremely  generalised.  Their  obvious  relations  to  the  llhijnchocephtdia, 
Crocodiliu,  and  Theromorpha  have  already  been  discussed,  and  attention  directed 
to  avian  resemlilances  pervading  both  this  and  the  herbivorous  sub-orders.  It 
need  only  be  repeated  in  this  connection  that,  in  spite  of  the  remarkable  simi- 
larity between  birds  and  Dino.saurs,  there  is  no  evidence  to  prove  that  the 
former  have  come  down  to  us  through  any  known  type  of  the  latter.  And 
yet  it  would  appear  rather  more  probable  that  the  avian  phylum  should  have 
originated  from  primitive  Dinosaurs — that  is  to  say,  from  a Dinosaur-avian 
stem,  than  that  the  two  groups  arose  independently  from  some  common  stock. 


TABLE  SHOWING  VERTICAL  RANGE  OF  THE  DINOSAURIA. 


Thekoi-oda 


Fiunilit's. 


1.  Mcijalosauridiie  . 

2.  CompsoijiKithidar 
■i.  Cochiriilae . 

iSAl'KOPODA 


1.  Cainarusduridiii’ 

2.  DiplodDCidac 

PllEDENT.Vr.A 

1.  Ljuaiiodnutidac  . 

2.  Slcgosnuridac 

3.  Ccratopsidac 


[The  text  for  the  introductory  jjortion  of  tlie  preceding  clmjiter  on  Dinosaurs  lias  been 
revised  to  a sliglit  extent  by  Professor  II.  F.  Osborn;  tliat  for  the  sy.stcniatic  jiart  has  been 
revised  by  .Mr.  .1.  B.  Ilateher,  of  the  Carnegie  IMuscuni  at  Pittsburgh.-  Eihtoil.] 


Order  9.  PTBROSAURIA.  Kaup.  Fitzinger.)  ^ 

llepiUes  of  more  or  less  bird-like  aspect^  with  hollow  hones,  well-formed  urficula- 
Hghs,  and  fore-limbs  adapted  for  flighf.  Skull  with-  acuminate  snout,  and  long 
* Literature  : 

lliirmelster,  II.,  Kritische  Beleuclitung  der  Pterodactylu.s-Arten  (Sitzung.sber.  naturf.  GeselLscli. 
Halle,  vol.  111.),  1855. — Fraos,  ().,  Ueber  Pterodactylus  suevicus  (Palaeontogr.  vol.  XXV.  p.  163), 
1878. — (mldfu.'is,  .1.,  Reptilien  aus  dem  lithographischen  Schiefer  (X"ova  Acta  Acad.  Leop.  vol.  XV. 
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axis  extending  neaiii/  at  rigid  angles  with  the  neck.  Investing  hones  of  lempoial 
region  contracting  into  an  upper  and  a lower  arcade;  sutures  hecoming  obliterated  in 
the  adult.  Quadrate  large,  firmly  fixed  ; orbit  very  large,  and  usually  with,  sclerotic 
ring  ; antorhital  vacuity  large,  sometimes  confluent  with  external  naves.  Teeth,  when 
present,  slender,  cordcal,  thecodont,  and  confined  to  margin  of  the  jaws.  Mandibular 
rami  fused  at  the  symphysis.  Fresacral  vertebrae  procoelous,  caudals  amphicoelous  ; 
sacralsfoar  to  seven  in  number,  usually  f used.  Cervical  and  anterior  dorsal  ribs  do  uble- 
headed.  Sternum  large,  clavicular  elements  wanting,  scapula  and  coracoid  long  and 
slender.  Fifth,  digit  of  manus  enormously  elongated  and  refiexed  to  support  the  wing 
membrane.  Pubis  excluded  from  the  closed  acetabulum.  Both  rows  of  tarsals  ossified, 
the  astragcdus  sometimes  f used  with  the  tibia.  Two  to  four  digits  of  the  pes  bear  claws, 
the  fifth,  digit  sometimes  vestigial.  Abdominal  ribs  present  ; no  dermal  armour. 

The  Pterosauria  or  Ornithosauria,  as  they  are  also  called,  constitute  an 
extraordinary  group  of  extinct  reptiles,  ranging  from  the  Lias  to  the  Upper 
Cretaceous.  They  are  remarkably  bird-like  in  general  appearance,  and 
their  whole  organisation  is  modified  for  the  accomplishment  of  flight  through 
the  air.  In  the  larger  number,  however,  the  power  of  flight  was  more  limited 
than  in  birds,  and  may  have  been  in  many  forms  feebler  than  in  bats.  The 
skeleton  was  more  or  lesS  pneumatic,  like  that  of  birds,  and  the  general 
avian  appearance  was  accentuated  by  the  articulation  of  the  head  at  right 
angles  to  the  cervical  axis.  Some  of  these  bizarre  creatures  were  no  larger 
than  sparrows,  but  others,  with  vdiose  extinction  the  history  of  the  race 
terminates,  were  of  gigantic  size,  the  spread  of  their  cutaneous  expansion 
being  nearly  6 m.  from  tip  to  tip. 

The  vertebral  column  comprises  seven  true  cervicals,  twelve  to  sixteen 
dorsals,  four  to  seven  sacrals,  and  ten  to  forty  caudals.  The  presacral  vertebrae 
are  procoelous,  and  the  caudal  amphicoelous.  The  neural  arches  are  usually 
fused  with  their  centra,  and  the  sides  of  the  latter  are  more  or  less  extensively 
hollowed.  Cervical  ribs,  when  present,  are  very  much  shorter  than  the  dorsal 
ribs.  The  latter  are  double-headed  anteriorly,  but  become  single-headed  and 
more  slender  toward  the  sacral  region.  Transverse  jirocesses  are  very  strongly 
developed  in  the  anterior  sacral  vertebrae.  There  is  a triple  series  of  small 
V-shaped  abdominal  ribs  along  the  ventral  wall  of  the  body  cavity. 

The  skull  (Fig.  352)  is  remarkably  bird-like  in  form,  and  its  constituent 
elements  usually  become  anchylosed  at  an  early  age.  The  orbits  are  very 
large,  laterally  placed,  and  surrounded  by  a sclerotic  ring  of  small  plates.  An 

1>.  63),  1831. — Huxley,  T.  II.,  On  Rliampliorhynchns  Bucklandi  (Quar.  Jouni.  Geol.  Soe.  vol.  XV. 
p.  658),  1860. — Marsh,  0.  O.,  Various  articles  in  Ainer.  Jonrn.  Sci.  [3],  1871-84  (vols.  1.  p.  472  ; 
III.  p.  241  ; XL  p.  507  ; XII.  jx  479  ; XVI.  p.  233  ; XXL  p.  342  ; XXIII.  p.  251  ; XXVIi.  p. 
423,  etc.). — Meyer,  II.  von,  Reptilien  ans  dein  lithographisclieu  Schiefer  ( Fauna  der  Vorwelt,  pt.  IV.). 
1860. — Xewtnii,  E.  On  tlie  .skull,  brain,  and  auditory  organ  of  Scaphognatiuis  pnrdoni  (Phil. 

Trans,  vol.  CLXXIX.  B,  p.  5U3),  1888. — Notes  cn  Pterodactyles  (Pi'oc.  Geol.  As.soc.  vol.  X.),  1888. 
— Owen,  R.,  Reptilia  of  the  Liassic  Formations  (Palaeontogr.  Soc.  pt.  II.),  1863. — Rlieninger,  F., 
Campyloguathns  Zitteli  (Palaeontogr.  vol.  XLL).  1894. — Beitriige  znr  Kenntnis.s  der  Flugsaurier 
(ibid.  vol.  XLVIIL),  1901. — Quenstedt,  F.  -1.,  Ueber  Pterodactylns  snevicus.  Tiibingen,  1855. 
— Seeley,  H.  O.,  The  Ornithosauria.  Cambridge,  1870. — On  the  organisation  of  the  Ornitho.sanria 
(Jouni.  Linn.  Soc.  vol.  XIII. ),  1884. — The  Ornithosaurian  pelvis  (Ann.  Mag.  Nat.  Hist.  [6J,  vol. 
VII.  p.  237),  1891. — On  the  shoulder-girdle  in  Cretaceous  Ornithosauria  (ibid.  p.  438). — Dragons 
of  the  Air,  London,  1901.  — Wayner,  A.,  Contributions  on  Upper  Jurassic  Pterosaurs  in  Abhandl. 
Bayer.  Akad.  Wissensch.  math.-phys.  Classe,  vols.  II.  p.  163  ; VI.  pp.  129,  690  ; VIII.  p.  439 
(1837-58). — \Villi.ston,  S.  IF.,  On  the  skull  of  Ornithostoma  (Kansas  Univ.  Quar.  vol.  IV.  p.  195), 
1896.  — Restoration  of  Ornithostoma  (Pteranodon),  {ibid.  vol.  VI.  p.  35),  1897.  — Ziftel,  K.  A., 
LTeber  Flugsaurier  ans  dem  lithographischen  Schiefer  (Palaeontogr.  vol.  XXIX.  p.  49),  1882. 
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antorbital  vacuity  is  present  as  in  birds  and  Dinosaurs,  and  is  either  confluent 
with  the  external  nostril  on  each  side,  or  separated  from  it  by  a narrow  bar. 
The  supratemporal  vacuity  is  small,  entirely  enclosed,  and  jilaced  far  back- 
wards. The  lateral 
temporal  vacuity 
appears  as  a narrow 
slit  behind  the  orbit, 
extending  downward 
and  forward,  and 
bounded  jiosteriorly 
by  the  quadrate. 
The  cranial  roof  is 
foimed  l)y  the  un- 
paired frontal  and 

SaiphognnIhHS  rraxsirnxtris,  Golilf.  sp.  Upiicr  Jura;  Ek'listadt,  Bavaria,  the  Smaller  pai'ietals, 
I),  Antorl)ital  vacuity  : fi\  Frontal ; Jii,  .liigal ; w.r,  Maxiila ; jV,  Xariai  opening  ; 

rremaxilla ; yH,  quadrate.  W IllUl  <UC  V IIIIOIU, 

a foramen.  At  the 

base  of  the  skull  is  placed  the  single  occipital  condyle,  by  means  of  which 
the  head  is  carried  ajqn’oximately  at  right  angles  to  the  long  axis  of  the  neck. 

Natural  casts  of  the  brain  cavity  prove  it  to  have  been  remarkably  bird- 
like, though  smaller  in  proiiortion  to  the  size  of  the  skull.  It  Avas  entirely 
roofed  by  the  frontal  plate,  which  sometimes  extended  as  far  forwards  as  the 
anterior  border  of  the  orbits,  and  formed  not  only  their  upper,  Imt  also  a part 
of  their  jiosterior  border.  The  orbit  is  separated  from  the  lateral  temporal 
vacuity  by  a trifid  post-frontal  jilate,  one  branch  of  which  joins  the  squamosal, 
and  forms  at  the  same  time  the  outer  bar  of  the  supratemporal  vacuity.  The 
orbit  is  bounded  anteriorly  l)y  slender  jirocesses  of  the  jugal  and  prefrontal, 
which  meet  each  other  half-way,  both  of  these  plates  being  small  and 
triangular.  The  cpiadrate  is  a relatively  long  and  narrow  bar,  united  with  the 
squamosal  above,  and  ivith  a buttress  of  the  pterygoid  below.  In  the  facial 
region,  which  closely  resembles  that  of  birds,  sutures  are  always  difficult  to 
determine.  The  snout  is  jiointed  in  front,  or  in  some  cases  slightly  rounded, 
and  is  formed  by  the  cidarged  pi'cmaxillae,  which  constitute  the  greater  part 
of  the  upper  jaw.  Teeth,  when  jiresent,  occur  in  single  series  at  more  or  less 
irregular  intervals  along  the  margin  of  the  jaws.  They  are  invarialdy  simple 

and  conical,  and  implanted  in  distinct  sockets.  In  some  genera  the  sharp 

margins  of  the  jaws  are  completely  edentulous,  and  may  have  been  sheathed 
Avith  a horny  layer,  as  in  birds. 

The  mandilmlar  rami  are  straight  and  elongate,  and  fused  together  at  the 
symphysis.  They  are  composed  of  the  usual  six  elements,  but  the  sutures 
lietAveen  the  latter  are  seldom  determinable.  A coronoid  process  is  lacking, 
and  the  suspensorium  is  sometimes  inclined  forAvards  at  a considerable  angle, 
so  that  the  articulation  Avith  the  ipiadrate  is  jilaced  underneath  the  orbits. 

The  pectoral  arch  comprises  merely  a jiair  of  long,  narroAV  scapulae,  and 
equally  long  but  somewhat  stouter  and  imperforate  coracoids,  Avhich  articulate 
Avith  the  large  sternum  by  a synovial  joint.  There  is  no  clavicular  arch,  nor 
any  indication  of  precoracoid  elements.  The  humerus  is  of  moderate  length, 
much  expanded  proximally,  and  exhibits  a deltoid  crest.  The  axis  of  the 
distal  articular  facette  is  approximately  at  right  angles  to  that  of  the  head  of 
the  .same  bone.  Radius  and  ulna  sometimes  doubly  exceed  the  length  of  the 
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humerus,  and  are  about  equally  developed.  The  number  of  carpal  elements 
in  both  rows  varies  considerably.  The  first  digit  of  the  manus  is  either  wanting 
or  represented  by  a backwardly  directed  styliform  bone.  The  second,  third, 
and  fourth  metacarpals  are  closely  apposed  and  nearly  uniform  in  size,  but 
the  fifth  is  very  much  stouter  than  the  rest,  and  bears  a series  of  four  enor- 
mously elongated  phalanges,  turned  backward  to  support  the  wing-membrane. 
Sometimes  metacarpals.  Nos.  Il  to  IV  are  incomplete,  and  either  filiform  or 
tapering  to  a point  proximally,  being  fixed  only  to  the  side  of  the  greatly 


Flo.  353. 

RhamphorhfincJius  phyllurits,  Marsh.  Upper  Jura  (T.ithograijhic  Stone);  Bavaria.  Restoration, 
sliowing  extent  of  cutaneous  expansions,  1/7  (from  A.  S.  Woodward,  after  Marsli). 


developed  metacarpal  of  the  wing-digit.  The  three  inner  digits  are  clawed 
and  exhibit  the  phalangeal  formula  2,  8,  4.  They  are  entirely  free  from  the 
membranous  expansion  of  the  fifth  digit  (Fig.  353).  Attached  to  the  radial 
side  of  the  carpus  is  sometimes  observed  a slender  splint-like  bone,  which  is 
directed  backward  nearly  parallel  with  the  radius  and  ulna.  This  is  the  so-called 


pteroid  bone  {Spaimhnochen,  von  Meyer),  which  some  writers  have  regarded 
as  an  ossified  tendon,  or  as  a support  for  the  wing  membrane ; but  it  is  more 
properly  interpreted  as  a rudimentary,  abnormally  refiexed  first  metacarpal. 
The  cutaneous  expansion,  or  patagium  (Fig.  354),  is  quite  narrow  and  tapering, 
in  this  respect  resembling  the  wing  of  a swallow  or  sea-gull.  It  was  attached 
at  its  base  along  the  sides  of  the  body  wall,  and  extended  beyond  the  hind 
limbs  to  the  base  of  the  tail.  In  at  least  one  genus  (Bhamphorlij/ncJiKs)  it  also 
develojied  a leaf-like  expansion  at  the  extremity  of  the  tail  (Fig.  353).  The 
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impressions  of  the  memlirane 


Fig.  355. 


Pkrochfctfilu: 
Jura;  Bavaria, 


sp.  L'pppr 


cniti'juus,  Summ 
Right  lateral  aspect  of  pelvis. 
u,  Acetabulum,  below  which  is  obturator 
foramen  ; II,  Ilium;  is,  Ischium;  pv,  Jhibis. 


longer  and  more  slender 


appears  to  have  been  very  loosely  attached  to  the 
the  ischium,  and  almost  invariably  occurs  dis- 
placed. Some  authors  regard  this  bone  as  a 
pre- pubis,  and  interpret  the  posterior  ventral 
element  as  a fused  ischio-pubis.  In  Pferodactylus 
the  bone  here  called  the  pubis  is  much  expanded 
distally,  and  was  probably  united  with  its  fellow 
in  a cartilaginous  symphysis.  But  in  Ilhampho- 
rhijnchus,  Pteranodon.,  and  Xi/cfoilarfylus,  it  is 
narrow  and  band-like,  extending  forwards  for  a 
certain  distance,  and  then  bent  inwards  approxi- 
mately at  right  angles  so  as  to  meet  its  fellow 
of  the  opjiosite  side,  with  which  it  becomes  fused 
in  a ventral  symphysis. 

The  femur  is  rather 

than  the  humerus  in  some  forms,  but  in  others 
is  very  much  shorter,  as  in  birds  ; and  as  in  birds 
also,  it  is  exceeded  in  length  by  the  tibia,  which 
is  stout  and  straight.  The  fibula  is  reduced  to 
a mere  splint,  often  fused  with  the  tibia,  and  its 
pointed  distal  end  extending  scarcely  half-way 
down  the  shaft  of  the  tibia,  or  it  may  be  absent 
altogether.  There  are  two  proximal  tarsals 
(astragalus  and  calcaneum),  which  in  the  llhampho- 
rhi/iirhidae  and  Oruithochciridae  are  always  fused 
with  the  tibia.  At  least  two  distal  tarsals  are 
always  })resent. 

The  hind  foot  is  characteristically  reptilian 
in  structure.  The  four  inner  metatarsals  are 
about  equally  developed,  and  bear  clawed 
phalanges,  having  the  formula  2,  .3,  4,  5,  or  some- 


exhibit  a number  of  longitudinal  wrinkles  or 
folds,  and  also  numerous  fine  parallel  striae, 
but  are  otherwise  smooth. 

In  the  pelvic  arch  (Figs.  355,  356)  the 
ilium  is  low  and  extended  antero-posteriorly 
on  either  side  of  the  imperforate  acetabulum 
as  in  Dinosaurs,  the  pre-acetabular  portion 
being  much  longer  than  the  post-acetabular. 
Its  anterior  extremity  is  sometimes  ex- 
panded (Phamphorhynchus),  in  other  cases 
slender  and  tapering  (Pferodacfylus).  The 
ischium  usually  fuses  with  the  ilium,  and 
excludes  the  pubis  from  the  acetabulum  ; 
it  is  a much-expanded  bone,  pierced  in  most 
cases  by  a small  perforation.  The  pubis 
antero-inferior  portion  of 


Fio.  356. 


times,  when  the  first  two  digits  are  clawless,  the 


rjia}H))horhy7iPhns  geramingi,  v.  Meyer. 
Upper  Jura;  Eich.stadt,  Bavaria.  Vi- 
/.  Femur;  il,  Ilium;  is,  Lsdiium  ; pp'f 
Pubis  ; t,  Tibia. 


formula  is  1,  2,  4,  5.  The  fifth  digit  is  almost 
always  shoi’ter  than  the  rest,  its  metatarsal 
reduced  to  a mere  stump,  sometimes  without  phalanges,  and  sometimes  with 
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as  many  as  three.  In  llhamphorhn uchas  and  Dimorphoclon  it  was  divaricated, 
and  doubtless  assisted  in  the  support  of  the  patagium.  The  claws  are  usually 
sharp  and  delicate,  and  during  life  were  doubtless  sheathed  with  horn 


Sub-Order  1.  PTERODERMATA.  Seeley. 

Tail  elongated ; wing  metacarpal  less  than  half  the  length  of  the  bones  of  the 
antebrachium ; fifth,  digit  of  pes  with  one  to  three  phalanges.  Jaws  dentigerous  ; 
external  nares  completely  separated  from  antorhital  vacuity. 

This  group  comprises  the  earlier  and  more  generalised  Pterosaurs,  none  of 
which  survived  the  Jurassic  so  far  as  known.  Teeth  are  always  present, 
increasing  in  size  posteriorly,  but  sometimes  do  not  extend  to  the  anterior 
extremity  of  the  jaws.  The  scapulae  and  coracoids  are  often  fused  proximally, 
and  the  proximal  tarsals  are  fused  with  the  tibia. 


Family  1.  Rhamphorhynchidae. 

IVith  the  characters  of  the  sub-order.  Jurassic. 

Dimorphodon,  Owen  (Fig.  357).  Skull  relatively  very  large,  deepened  in 
form,  and  extremely  light ; brain  case  unusually  small.  External  narial 


Fig.  307. 

Diniorpliodon  macronyx,  Owen.  Lower  inas  ; Dorsetshire.  Kestoratioii  of  skeleton,  Vr- 
«,  Antorbital  vacuity  ; ?i,  External  narial  oiiening  ; o,  Orbit  (from  A.  S.  Woodward,  after  Owen). 

openings  and  antorbital  vacuities  very  large.  Jaws  toothed  to  the  extremity, 
the  anterior  teeth  very  large  and  irregularly  spaced  ; mandibular  suspensorium 


252 


KEPT I LI  A 


CLASS  III 


vertical.  Probabl}'^  four  sacrals,  and  at  least  thirty  caudals  present,  some  of 
the  latter  with  chevron  bones.  Scapula  and  coracoid  fused.  First  digit  of 
nianus  represented  by  a styliform  (“pteroid”)  bone,  and  first  wing  phalanx 
shorter  than  the  antebrachium.  Ischium  large,  distally  expanded.  The  first 
four  clawed  digits  of  the  pes  are  normal,  and  the  fifth  divaricated  ; the  latter 
with  an  attenuated  metatarsal  aaid  two  phalanges.  The  skull  of  D.  macrnnyx, 


Fin.  .158. 

tjtuniiiiiKji,  V.  Meyer.  Litliographic  Stone;  Eiclistiult,  Bavaria.  Orbit;  />,  Antorbital 
vacuity  ; .Y,  External  narial  opening  ; pnux,  Premaxilla  ; ?*,  Rib ; N,  Lateral  temporal  vacuity  ; .S',  Supratemporal 
vacuity  ; >/,  Sternum. 


Owen,  the  only  described  species,  attains  a length  of  20  cm.  Lower  Lias; 
Dorsetshire. 

Dnrijcjnathts,  ()[)i>el.  Upper  Lias  ; Wurtemljerg  and  Franconia,  lihampho- 
cephahis,  Seeley.  Bathonian  ; Stonesfield,  England.  Imperfectly  known  genera. 

(Jainpiil(if/)iathns,  Flien.  Known  by  a complete  skeleton  from  the  Upper 
Lias  of  Holzmaden,  Wiirtemberg.  Skull  less  deep  than  in  Dimorphodon, 
toothed  to  the  extremity  of  the  jaws  ; the  anterior  tooth  above  and  the  first 
two  lielow  large  and  recurved.  Mandibular  rami  toothed  nearly  to  the 
extremity,  which  is  deflected  downward.  Xarial  opening  larger  than  the 
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antorbital  vacuity.  Proximal  phalanx  of  wing  digit  more  than  double  the 
length  of  antebrachium.  Type,  C.  zifteli,  Plieninger.  Palate  and  brain  cast 
known  in  C.  pimloiii,  Newton,  from  the  Upper  Lias  of  Yorkshire. 

Scaphognathiis,  Wagner.  Like  the  preceding,  but  mandibular  rami  toothed 
quite  to  the  extremity,  and  not  deflected.  External  nares  smaller  than  the 
antorbital  vacuity.  S.  crassirostris,  Goldfuss,  the  type  species,  occurs  in  the 
Lithographic  Stone  of  Bavaria. 

lUuunpliorhphcJixts,  v.  Meyer  (Figs.  354,  356,  358).  Skull  sometimes  attain- 
ing a length  of  20  cm.  Snout  produced  and  acuminate  ; teeth  large,  irregular, 
inclined  forwards,  and  not  extending  to  anterior  end  of  the  jaws.  Orbits  very 
large,  with  sclerotic  ring ; narial  opening  and  antorbital  vacuity  very  small. 
Four  sacrals  and  upwards  of  forty  caudals  present.  Sternal  keel  extending 
downward  as  a slender  process,  scajiula  and  coracoid  usually  fused.  Pubis  in 
the  form  of  a slender  bar,  bent  inwards  nearly  at  right  angles  to  meet  its 
fellow,  with  which  it  fuses  in  a median  symphysis.  Limbs  similar  to  those  of 
Dimorphodon,  except  that  the  fifth  toe  comprises  three  phalanges.  Upper 
Jura  (Lithographic  Stone);  Bavaria  and  Wiirtemberg. 

Sub-Order  2.  ORNITHOCHEIROIDEA.  Seeley. 

Tail  short ; wing  inetacarpal  at  least  as  long  as  the  hones  of  the  antehrachiiun ; fifth 
digit  of  pes  vestigial,  without  phalanges.  Teeth  sometimes  absent.  No  cervical  ribs. 

The  members  of  this  sub-order  vary  greatly  in  size,  some  being  no  larger 
than  a sparrow,  and  the  largest  having  a wing  expanse  of  nearly  6 m. 
Initiated  in  the  Upper  Jura,  the  group  culminated  in  the  Upper  Cretaceous, 
and  became  extinct  before  the  close  of  that  period.  This  sub-order  probably 
includes  all  known  forms  of  Cretaceous  Pterosaurs. 

Family  1.  Pterodactylidae. 

Skull  with  very  small  lateral  temporal  vacuities,  and  large  external  nares  incom 
pletelij  separated  from  the  antorbital  vacuity.  Coracoid  and  scapula  separated,  the 
distal  end  of  the  latter  spatulate,  and  not  articulating  with  vertebral  column.  Anterior 
dorsal  vertebrae  without  supraneural  plate.  Elements  of  carpus  and  tarsus  distinct. 
Teeth,  when  present,  extending  to  extremity  of  jaws.  Upper  Jura  and  Cretaceous. 

Pterodactylus,  Cuvier  (Ornithocephalus,  p.p.  Summ.  ; THopecephalus,  Cycno- 
rhamphus,  Seeley ; Ptenodracon,  Lyd.),  (Figs.  355,  359,  360).  Teeth  invariably 
present.  Kepresented  by  numerous  species  varying  in  size  between  that  of  a 
sparrow  and  that  of  an  eagle.  The  most  perfectly  preserved  skeletons  occur 
in  the  Lithographic  Stone  of  Bavaria,  Wiirtemberg,  and  Cerin,  France. 
Certain  detached  fragments  from  the  Kimmeridge  Clay  of  England  are  perhaps 
referable  to  this  genus. 

Nyctodactylus,  Marsh  (Fig.  361).  Knowui  by  a nearly  complete  skeleton  from 
the  Niobrara  Cretaceous  of  Kansas.  Head  slender,  jaws  edentulous.  Lateral 
pieces  of  atlas  not  fused  with  axis ; cervicals  seven,  dorsals  twelve,  sacrals 
six,  caudals  ten  to  fourteen.  Anterior  ribs  stout,  double-headed  ; posterior 
very  slender  and  single-headed ; three  pairs  of  flat  V-shaped  abdominal  ribs 
connecting  the  xiphisternal  process  ivith  the  anterior  processes  of  the  codssified 
l^ubes.  Ischiadic  foramen  very  large.  Proximal  row  of  tarsals  united  to  tilha 
by  persistent  suture;  three  carpals  present.  MUng  expanse  in  typical  species 
about  2 m. 
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Dermoducfi/lns,  Marsh.  Imperfectly  known,  perhaps  belonging  among  the 
Pterodermata.  Upper  Jura  (Como  Beds) ; Wyoming. 


Pfcrodactijlus  eleiions,  Wanner.  Lithographic  Stone  ; Pterodfictylus  sprrtnbUis,  \.  Meyer.  Lithoirraphie 

Eiclistadt,  Bavaria.  J'j.  Stone  ; Eichstsidt,  Bavaria.  'V4  (after  H.  v.  Meyer). 

Family  2.  Ornithocheiridae.  Seeley. 

External  nares  confluent  with  antorbital  mcuiti/.  Teeth,  ivheu  present,  restricted 
to  posterior  pfjrtion  of  the  jaws.  Tectoral  arch  strong,  coracoids  and  scapnlne  firmly 
fused;  the  former  articulating  with  the  sternum,  and  the  latter  by  a large  oblique 
Jacette  with  a supraneural  plate  above  the  cobssificd  anterior  dorsal  vertebrae.  Proxi- 
mal tarsal s fused  with  the  tibia ; no  fibula.  Cretaceous. 

This  family  includes  the  largest  known  Ptero-saurs,  their  wing  expanse 
varying  between  1'5  and  5'8  m.  In  these  highly  specialised  forms  the  anterior 
extremities  attained  their  greatest  power,  while  the  posterior  pair  were 
weakened,  and  probably  of  slight  use  as  locomotive  organs. 

Pteranodon,  Marsh  (?  Ornithostoma,  Seeley).  Skull  considerably  elongated, 
with  slender,  pointed,  eilentulous  jaws,  and  a long  thin  supraoccipital  crest. 
Sclerotic  ring  present.  Sternum  keelless,  but  with  a stout  anterior  median 
projection.  Sacral  vertebrae  seven  in  number.  Anterior  ribs  stout, 
cobssitied  with  their  centra.  Carpus  composed  of  three  bones  in  two  rows. 
Pubes  band-like,  coossified  in  the  middle.  Hind  limbs  relatively  small; 
femur  short  and  curved,  with  a small  trochanter  ; tarsus  consisting  of  two 
free  bones  in  a single  row.  Fifth  digit  represented  by  a small  claw-like 
metatarsal ; median  phalanges  of  second,  third,  and  fourth  digits  very  short  ; 
first  and  second  digits  without  claws.  Niobrara  Cretaceous  ; Kansas. 
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Ornithostonia,  Seeley,  from  the  Cambridge  Greensand,  presents  no  generic 
differences  from  Ftemnodon  so  far  as  known,  and  may  prove  to  be  identical. 

Ornithocheirus,  Seeley.  Similar  in  all  essential  respects  to  PteranoiJon, 
except  for  the  presence  of  well-developed  teeth  in  both  jaws.  Pelvis  and  hind 
limbs  imperfectly  known.  Cambridge  Greensand  ; England. 


Xijctodadylus  gracilis,  Marsh.  Niobrara  Cretaceous  ; Kansas.  Vy  O^fter  Williston). 

Ornithodesmus,  Domtorhijnclms,  Seeley  ■,  Palat-ornis,  Mantell.  Founded  on 
fragmentary  remains  from  the  Wealden  and  Purbeck  of  England. 

Range  and  Phylogeny  of  the  Pterosauria. 

The  earliest  undoubted  remains  of  Pterosaurs  occur  in  the  Lower  Lias  of 
England,  from  which  horizon  the  history  of  the  group  is  traceable  to  near  the 
close  of  the  Mesozoic  era.  Regarding  its  origin  and  evolution  very  little  can 
be  affirmed.  Dimorphodon,  the  oldest  known  genus,  appears  suddenly  and  fully 
differentiated  in  the  same  manner  as  do  the  earliest  Chelonians  ; nor  are  there 
any  essential  modifications  to  be  observed  among  its  successors  throughout  the 
Jura  and  Cretaceous,  except  that  some  of  the  latest  survivors  were  toothless 
and  of  gigantic  size.  The  group  attained  its  maximum  development  during 
the  Upper  Cretaceous,  and  passed  away  with  the  Dinosaurs,  Pythonomorphs, 
and  Plesiosaurs  towards  the  close  of  this  period. 

Although  Pterosaurs  exhibit  a number  of  avian  resemblances,  they  can  in 
no  sense  be  regarded  as  the  ancestors  of  birds,  and  are  in  fact  even  more  widely 
separated  from  them  than  from  other  orders  of  reptiles.  They  are  known  to  us 
simply  as  a race  of  peculiarly  modified  Archosauria,  or  reptiles  with  two  temporal 
arches,  whose  origin  is  as  yet  mysterious,  and  whose  hyportropic  specialisation 
precipitated  their  decline,  and  finally  swept  them  from  off  the  face  of  the  earth. 

[The  te.xt  for  the  preceding  chapter  on  Pterosauria  has  been  revised  by  Dr.  S.  W.  tVilliston, 
of  the  University  of  Kansas,  who  has  also  put  the  chapters  on  Pythonomorphs  and  Plesiosaurs 
in  their  present  shape. — Editor.] 
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Class  4.  AVES.  Birds. i 

Feathered,  warm-hlouded,  oviparous  vertehrates  with  chambers  of  the  heart 
completelii  separated.  There  is  a single  occipital  condyle,  the  tpiadrate  is  free,  and 
the  fore-limbs  are  'modified  into  loings.  Proximal  tarsals  fused  with  tibia  to  form  a 
tibio-tarsns  ; metapjodal  hones  fused  with'  one  another,  and  with  the  distal  tarsals  to 
form  a tarso-metatarsus.  Fifth  digit  of  the  pes  always  absent. 

Of  all  classes  of  vertebrates,  birds  constitute  the  most  homogeneous  and 
narrowly  circumscribed  group,  and  exhibit  everywhere  the  most  remarkalde 
uniformity.  Descended  without  question  from  reptiles,  their  affinities  with 
that  class  are  so  intimate  that  Huxley  included  them  both  under  the  common 
designation  of  Sauropsida.  This  pi'oposed  merging  of  the  two  classes,  however, 
is  hardly  compatible  with  such  ti'enchant  distinguishing  characters  as  the 
epidermal  covering  of  feathers,  heterocoelous  vertebrae,  and  warm  - blooded 
(homothermic)  condition. 

The  e.roslceleton  of  birds  consists  of  feathers,  the  horny  covering  of  the  beak, 
claws,  and  spurs,  and  certain  corneous  plates  often  found  on  the  tarsus  and 
feet.  Save  in  ])enguins  the  feathers  do  not  cover  the  body  uniformly,  but 
are  arranged  in  certain  definite  tracts  (pterylae),  between  which  are  bare 
spaces  (apteria).  These  apteria  are  best  seen  on  the  abdomen  and  on  the 
sides  of  the  neck  in  many  birds.  Although  struthious  birds  are  also  coni- 
moidy  said  to  be  uniformly  covered  with  feathers,  Pycraft  has  shown  the 
presence  of  small  ajAeria  in  most  species.  Under  exceptionally  favourable 
conditions,  as  in  the  Lithographic  Stone  of  Bavaria,  and  the  Green  River 
Eocene  of  Wyoming,  imprints  of  feathei's  may  be  preserved  in  the  rocks. 

The  skeleton  of  birds  is  remarkable  for  its  combination  of  compactness  and 
lightness,  and  for  its  pneumaticity,  or  permeation  by  air  cavities.  The  walls 
of  the  bones  are  very  thin,  but  of  dense  texture,  owing  to  their  richness  in 
calcium  phosphate.  In  young  birds  the  cavities  of  the  long  bones  are  filled 
with  marrow,  and  this  may  persist  in  some  bones  throughout  life,  as  in  a 
nundicr  of  water  birds ; on  the  other  hand,  the  marrow  may  disappear  and 
the  interstices  become  filled  with  air,  as  in  the  long  bones  of  birds  which 
sail  or  soar,  and  many  others ; finally,  the  long  bones  may  be  completely 
filled  with  spongy  bone  or  cancellar  tissue,  as  is  the  case  with  penguins. 
I'lie  skull,  humerus,  and  femur  may  be  said  to  be  pneumatic  in  the  majority 
of  birds. 

The  vertebral  column  of  birds  is  divisible  into  cervical,  dorsal,  sacral,  and 
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caudal  regions,  but,  as  will  presently  bo  explained,  the  sacrum  or  synsacrum 
of  birds  is  a complex  mass  of  vertebrae  not  comparable  as  a whole  with  the 
sacrum  of  other  vertebrates.  The  vertebrae  are  remarkalile  for  their  peculiar 
saddle-shaped  articulations,  which  allow  great  freedom  of  movement.  In  the 
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Hespcro'niis  rccialls,  Marsh.  U]jper  Cretaceous  ; Kansas.  Anterior  (.1),  and  po.sterior  (/>’) ^i^spect  of  tliirteeidh 
cervical  vertebra,  Vi*  Transverse  process  ; /,  Costal  canal  for  vertebral  artery  ; nc,  Neural  canal ; p,  Para- 
pophysis  ; s,  Rudimentary  neural  spine  ; z,  z',  Anterior  and  posterior  zygapoi)hyses  (after  lUarsli). 


Mesozoic  Archaeopteryx  and  Ichthyornis  the  centra  are  slightly  amphicoelous,  as 
is  also  the  case  in  modern  embryonic  birds  and  in  some  of  the  caudal  vertebrae 
of  adults.  Opisthocoelous  vertebrae  occur  among  the  dorsals  of  penguins  and 
in  a few  other  birds,  such  as  cormorants  and  gulls,  but  the  atlas  is  the  only 
procoelous  vertebra  in  the  backbone  of  birds. 

The  cervical  region  consists  of  from  thirteen  to  tumnty-hve  vertebrae,  the 
commonest  number  being  fourteen  or  fifteen.  The  centra  ai'e  mostly  elongate 
and  freely  movable  ujron  one  another, 
save  that  in  hornbills  the  atlas  and  axis 
may  unite,  and  in  a few  other  liirds,  the 
tinamous  for  example,  the  last  cervical 
may  fuse  with  the  dorsals.  The  dorsal 
vertebrae  number  from  six  to  ten,  the 
first  of  the  series  being  always  the  first 
vertebra  connected  with  the  sternum  by 
a dorsal  and  sternal  rib.  The  dorsal 

r It*,  ooo. 

series  includes  also  those  lib-beaiing  llesperonUs  regaUs,  Mamh.  upper  Cretaceous ; 

vertebrae  -which  are  united  with  the  Kan.sas.  Lateral(.I)an(Iaiitenor(B),aspectsof 

dorsal  vertebra,  i/o  (alter  Marsh). 

sacrum,  and  the  number  of  free  dorsals 

is  much  less,  being  as  few  as  three  in  Peiroica,  only  seven  in  the  long-bodied 
grebe,  and  eight  in  the  crested  aidilet.  The  centra  of  these  vertebrae  are 
comparatively  short. 

In  water  birds  {e.g.  penguins  and  some  auks)  all  the  presacral  vertebrae 
may  be  free  though  their  motion  is  restricted,  but  usually  from  two  to  four  of 
the  dorsals  are  fused  to  stiffen  the  trunk  for  flight,  one  free  vertebra  being  left 
between  these  and  the  synsacrum.  The  latter  is  a very  complex  bone,  usually 
composed  in  the  adult  of  dorsal,  lumbar,  sacral,  and  caudal  vertebrae  united 
in  one  solid  mass,  as  many  as  twenty  vertebrae  taking  part  in  its  formation. 
The  true  sacrals  are  those  two  lying  behind  the  cavity  containing  the  kidneys, 
having  transverse  processes  and  sacral  ribs,  reaching  from  their  centra  to  the 
ilia.  The  rib-like  nature  of  these  may  be  seen  in  embryos,  particularly  of  the 
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ostrich,  ■\\ihch  as  well  as  the  apteryx  has  three  sacrals.  The 
of  vertebrae  in  the  synsacrum  are  united  vdth  the  ilia  by  diapoph.yses,  or 
transverse  processes  given  oil'  from  the  neural  arch.  The  anchylosed  vertebrae 
behind  the  true  sacrals  are  the  urosacrals,  and  belon 
to  the  caudal  series;  their  number  may  varj> 
within  s])ecific  limits.  The  free  caudals  in 
birds  usually  number  about  six,  besides  the  terminal 
])loughshare-bone  or  pygostyle,  which  is  comjiosed  of 
from  four  to  six  fused  vertebrae.  In  the  Jurassic 


& 
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Otlstanh',  Linn.  Uecent ; Euroi>e.  Lateral  (J),  and  juilatal  (/J),  aspects 
of  skull,  ^/i.  aJs,  Alisithenoid  ; anfj,  Angular:  Articular;  ho^  Busi- 

occipital;  ht,  Basitempoi'al  : c,  Occipital  condyle,  underneath  foramen 
magnum  ; d,  Dentary  ; vf,  Mediaji  ethmoid  ; fr,  Frontal ; j,  .lugal ; jmx\  Pre- 
maxilla ; Z,  Lachrymal : mx,  Maxilla  : N,  External  nares  ; oZ,  Exoccipital ; 
(IS,  Supraocci})ital ; pc,  Parietal ; pal,  Palatine  ; j>t,  Pterygoid  ; 7.  Quaili  atc  : 
sm,  Interorbital  septum  ; .sph,  Basisphenoid  ; sq,  S(iuamosal ; ro,  Vomer  (after 
riaus). 


.Irchaeoptenjx  there  were  at  least  twenty  free  and  long  caudals  with  a j)air  of 
recti'ices  to  each  vertebra. 

All  the  ])iesacral  vertebrae  with  the  exception  of  the  atlas  are  usually 
costiferous,  and  ribs  may  be  present  also  on  the  anterior  two  or  three  sacrals  ; 
those  of  the  cervical  region  fuse  with  the  vertebrae,  except  the  last  two  or 
three.  The  true  character  of  the  cervical  })rocesses  thus  formed  ma}'  be  seen 
in  endirvos  and  to  particular  advantage  in  the  young  ostrich,  where  they 
remain  for  some  time  free,  as  they  did  permanently  in  Arch  adopter p:.  With 
few  exce[)tions  the  last  cervical  rib  and  all  the  thoracic  ribs  save  the  last  one 
or  two  bear  uncinate  processes,  or  thin  hat  blades  of  bone  directed  oliliquely 
upward  and  backward  to  overlap  the  succeeding  rib.  These  processes  usually 
unite  with  the  ribs,  but  in  some  cases  (Moas  and  many  water  birds)  remain 
free.  The  screamers,  Chainid,  PalninciJea,  are  exceptional  in  that  the  ribs  are 
devoid  of  uncinate  processes,  vdiile  they  are  vestigial  in  the  Secretary  Bird. 
Appended  to  the  thoracic  ribs  are  stei'iial  or  abdominal  ribs,  from  two  to 
five  pairs  of  which  are  attached  to  the  sternum. 

A sfennnn  is  always  present,  except  possibly  in  Archaeopfen/x,  and  this  is 
externally  convex  and  generally  broad.  It  may  cover  only  the  anterior 
portion  of  the  thorax,  or  ma\'  be  so  prolonged,  as  in  water  birds,  that  its 
])osterior  end  underlies  the  pelvis,  or  extends  nearly  to  the  pubes,  as  in 
humming-birds.  In  liirds  of  flight  or  those  which  use  their  wings  in 
swimming,  as  the  penguins  and  auks,  the  sternum  is  keeled  beneath  ; but 
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ApUryx  aastrulis,  Owen.  Keeeiit;  New  Zealaml.  l..Klt  lateral  aspect  of 
pelvis,  'Vj.  a,  Acetabulum  ; il.  Ilium  ; is,  Iscliinm  : ;i,  lliu-pectiiieal  ]irocess; 
j/,  Pubis  (after  Marsh). 


in  flightless  birds  (Kiitites)  it  may  be  quite  smootli.  The  anterior  end  may 
or  may  not  bear  a manubrial  process,  the  posterior  portion  m:i>y  be  pointed, 
rounded,  emarginate, 
or  have  two  or  four 
notches,  sometimes 
very  deep.  The  cora- 
coids are  attached  to 
the  front  portion  of 
the  sternum,  and  im- 
mediately behind  these 
are  two  processes,  one 
on  either  side,  known 
as  the  costal  processes, 
to  which  some  of  the 
abdominal  or  sternal 
ribs  are  articulated. 

TheskuU  (Fig.  364) 
is  characterised  by  the 
early  fusion  of  its 
constituent  bones, 
especially  those  forming  the  brain  case  where  the  sutures  are  conqiletely 
obliterated  in  the  adult.  In  the  tinamous,  however,  the  suture  between 
III  the  parietals  and  frontal s seems  to  remain  permanently 

open.  The  brain  cavity  is  relatively  less  diminutive  than 
in  reptiles,  exceeding  even  that  of  Pterosaurs  by  a con- 
siderable margin.  The  cranial  osteology  is  very  similar  to 
that  of  the  Archosaiirin,  the  chief  difference  consisting  in 
the  constant  absence  of  an  tqiper,  and  constant  presence  of 
a lower  temporal  arcade.  The  large  orbits  look  forward 
in  the  owls,  but  are  laterally  directed  in  the  majority  of 
birds,  and  except  in  parrots  are  incompletely  enclosed  on 
the  inferior  margin.  A sclerotic  ring  of  numerous  bony 
pieces  is  very  generally  developed  around  the  eye.  An 
antorliital  vacuity  is  present,  as  in  Dinosaurs,  Pterosaurs, 
and  Crocodilians,  close  in  front  of  which,  near  the  base  of 
the  beak,  are  placed  the  paired  external  narial  openings. 

The  single  occipital  condyle,  formed  mainly  by  the 
basioccipital,  is  shifted  downwards  and  forwards  so  that 
the  long  axis  of  the  head  is  approximately  at  right  angles 
to  that  of  the  neck.  The  paired  parietals  are  exceeded  in 
size  by  the  large  frontals,  which  form  the  greater  part  of 
the  cranial  roof  and  suiierior  border  of  the  orliits.  Inde- 
jiendent  postorbitals  and  postfrontals  are  not  developed, 
and  there  is,  of  course,  no  supratemporal  vacuity.  The 
inferior  temporal  arcade,  formed  by  the  slender  jugal  and 
quadrato-jugal,  connects  the  equally  slender  maxilla  rvith 
the  quadrate. 

The  squamosal  and  periotic  elements  (probtic,  eiiiotic, 
and  opisthotic)  fuse  to  form  a single  bone  which  is  united  with  the  occipital  and 
parietals,  and  to  which  the  large  quadrate  is  movably  attached.  An  independent 
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Mdeagris  galliparo, 
Linn.  Anterior  (zl),  and 
proximal  (B),  aspect  of 
tarsoineta  tarsus  of  young 
individual. 
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lachiymal  is  often  present  at  the  anterior  margin  of  the  orbit,  and  there  is  an 
ossified  or  membranous  interorbital  septum  of  considerable  size.  In  the  anterior 
prolongation  of  the  latter  is  a vertically  placed  unpaired  ethmoid,  which  is 
continued  in  front  as  a bony  or  cartilaginous  nasal  septum.  The  lateral 
ethmoids  are  placed  between  the  orbits  and  external  nares,  and  are  pierced 
for  the  passage  of  the  olfactory  nerves.  The  greater  part  of  the  beak  is 
formed  by  the  fused  premaxillae,  with  the  sides  of  wdiich  the  maxillae  are 
fused  ; its  margins  are  sheathed  with  a horny  layer,  and  it  is  often  movably 
connected  with  the  skull.  When  the  mouth  is  opened,  the  end  of  the  beak  is 
raised  by  pressure  transmitted  to  it  from  the  quadrate  by  means  of  the  ptery- 
goid and  palatine  bones,  and  more  esjiecially  by  the  rod-like  quadrato-jugal. 

Broadly  speaking,  the  bones  of  the  palatal  portion  of  the  skull  are  arranged 
on  two  plans.  In  the  one  the  vomer  is  broad  and  unites  in  front  ivith  the 
maxillo-palatines,  while  liehind  it  receives  the  posterior  extremities  of  the 
palatines  and  the  anterior  ends  of  the  pterygoids,  which  are  thus  excluded 
from  contact  with  the  sphenoidal  rostrum.  This  is  the  dromaeognathous  type 
of  palate  found  in  struthious  birds,  the  a})teryges  and  tinamous.  In  birds 
with  this  arrangement  the  head  of  the  quadrate  usually  has  but  a single 
articular  face,  or  is  Init  faintly  divided  into  two  portions  ; and  rather  long 
basipterygoid  ])rocesses  from  the  sides  of  the  sphenoid  give  this  bone  some- 
what of  a cruciform  shape. 

In  the  second  type  of  palate,  which  may  be  called  the  euornithic,  the  vomer 
embraces  posteriorly  the  sphenoidal  rostrum  between  the  palatines,  and  these 
latter  ai'ticulate  with  the  pterygoids  and  with  the  sphenoid.  This  arrange- 
ment predominates  in  the  vast  majority  of  birds,  and  they  also  have  the  head 
of  the  quadrate  double,  or  with  two  articular  facettes.  Basipterygoid  jjrocesses 
are  present  in  some  euornithic  skulls,  but  these  most  frequently  assume  the 
form  of  low  facettes  on  the  sphenoidal  rostrum,  with  which  the  pterygoids  are 
movably  articulated.  The  euornithic  type  of  skull  is  subject  to  various 
modifications  in  the  development  of  the  vomer  and  those  inwardly  directed 
processes  of  the  ma.xillae  termed  the  maxillo-palatines.  When  the  vomer  is 
pointed  in  front  and  entirely  free  from  the  maxillo-iialatines,  and  these  are 
free  from  each  other,  the  skull  is  termed  schizognathous  ; when  the  maxillo- 
palatines  are  expanded  and  fused  with  each  other,  the  vomer  being  small 
or  absent,  the  skull  is  desmognathous ; when  the  vomer  is  expanded  in  front 
and  free  from  the  maxillo-palatines,  and  these  are  slender  at  their  point  of 
origin  and  disjoined,  the  skull  is  said  to  be  aegithognathous. 

Two  terms  applied  to  conditions  of  the  bones  bounding  the  narial  openings 
and  much  used  in  classification,  Jiolorhiiial  and  schizorhinal,  may  be  explained 
here.  In  the  holorhinal  type  the  openings  are  more  or  less  oval,  the  posterior 
border  curved  and  lying  in  advance  of  the  posterior  ends  of  the  premaxillaries. 
In  the  schizorhinal  tyjie  the  openings  are  more  or  less  elongate  with  the 
uosterior  border  angular  or  slit-like  and  lying  back  of  the  }>osterior  ends  of 
the  ])remaxillaries. 

In  all  morlern  birds  the  mandibular  rami  become  fused  at  an  early  stage 
into  a long  symphysis,  and  only  among  certain  Mesozoic  forms  {Ichthyornis) 
are  they  united  by  snture  or  by  ligaments  as  in  reptiles.  The  six  elements 
of  which  the  mandible  is  composed  fuse  into  a single  piece  as  in  modern  birds, 
and  there  is  frecjnently  a lateral  vacuity  between  the  dentary  and  splenial,  as 
in  crocodiles.  Although  the  earliest  known  birds  have  conical  thecodont 
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teeth,  and  dental  papillae  or  a dental  ridge  sometimes  occur  in  the  jaws  of 
some  modern  emliryos  (parrot,  ostrich),  true  teeth  are  invariably  wanting 
among  existing  species. 

The  pectoral  arch  is  firmly  attached  to  the  thorax,  in  conformity  with  the 
mechanical  requirements  of  flight.  The  long  blade-like  scapula  has  no  ridge, 
extends  along  the  dorsal  side  of  the  thoracic  ribs,  and  takes  part  with  the 
coracoid  in  the  glenoid  cavity  for  the  head  of  the  humerus.  Penguins  are 
exceptional  in  having  the  scapula  broadly  expanded  posteriorly.  The  coracoids 
are  stout  and  pillar-like,  their  function  lieing  to  receive  the  downward  pull  of 
the  wing  muscles  during  flight.  The  clavicles,  which  are  usually  united  in  a 
forked  bone  {fnrcula),  sometimes  act  as  supports  ; and  by  their  union  with 
the  coracoids  at  the  shoulder-joint,  and  with  the  sternal  keel  below  in  the 
centre,  tend  to  resist  the  thrust  of  the  wing  muscles  in  flight.  In  some  birds 
of  powerful  flight  (pigeons,  humming-birds),  however,  the  clavicles  are  so  weak 
as  to  be  of  no  service  from  a mechanical  standpoint.  Among  Ratites  and  also 
a few  Carinates  (toucans,  parrots)  the  clavicles  are  rudimentary  or  wanting, 
and  never  unite  to  form  a furcula.  The  furcula  of  Carinates  may  anchylose 
either  with  the  keel  of  the  sternum  (Sfeganopoiles)  or  with  the  coracoids  {Opis- 
thocomus),  and  in  the  frigate  birds  with  both  at  once. 

The  humerus  of  Carinates  is  expanded  at  both  ends,  and  provided  at  its 
jiroximal  extremity  Avith  a strong  pre-axial  delto-pectoral  ridge  for  the  attach- 
ment of  the  pectoral  muscles.  Its  articular  head  is  vertically  elongated,  and 
there  is  often  a pneumatic  foramen  adjoining  it  on  the  inner  side.  At  its 
distal  extremity  is  a prominent  oblique  condyle  on  the  inner  side  of  the  palmar 
aspect  for  articulation  with  the  radius,  but  there  are  never  any  condylar 
foramina.  The  humerus  of  flightless  birds  is  degenerate,  and  sometimes  absent 
altogether,  as  in  many  Moas.  In  the  fore -wing,  which  is  generally  longer 
than  the  humerus,  the  ulna  is  more  strongly  developed  than  the  radius,  and 
often  exhibits  a row  of  tubercles  along  its  lower  edge  for  the  attachment  of 
the  secondaries.  The  carpus  of  adult  modern  birds  contains  only  two  bones 
(radiale  and  ulnare) ; a distal  rorv,  hoAvever,  is  indicated  in  embryos  liy  tw(j 
separate  cartilaginous  elements,  Avhich  later  become  fused  with  the  metacarpals. 
The  latter  are  never  more  than  three  in  number,  are  unequally  developed,  and 
in  existing  Carinates  are  more  or  less  completely  fused.  Metacarpal  No.  i is 
much  reduced,  and  bears  one  or  more,  rarely  two,  short  phalanges  for  the 
support  of  the  so-called  bastard  wing  (alula) ; the  second  metacarpal  usually 
bears  two  phalanges  and  the  third,  one.  The  first  and  second  digits  are  some- 
times clawed  (Sfruthio,  lihea,  Chauna),  and  in  Archaeopteryx  all  three  terminate 
in  claws. 

The  three  elements  of  the  pelvis  are  anchylosed  (except  in  Archaeopferyx), 
and  usually  unite  with  the  synsacrum.  In  water-birds  this  union  takes  place 
somewhat  sloAvly,  and  in  penguins  and  the  great  auk  not  at  all.  The  ilium 
is  elongate,  and  may,  as  in  birds  of  prey,  extend  much  further  in  front  of  the 
acetabulum  than  behind  it.  Ischium  and  pubis  are  both  directed  backwards. 
The  pubes  often  remain  free  from  the  ilia,  and  never  unite  with  one  another 
to  form  a symphysis  except  in  the  ostrich.  Since  the  retroversion  of  the  pubis 
is  ])i’oved  by  embryological  researches  to  be  a secondary  modification,  no 
homology  can  exist  between  this  and  the  post-pubis  of  Ornithopodous  Dino- 
saurs, and  the  processus  iliopectinealis  (Fig.  .365)  must  be  regarded  as  a structure 
peculiar  to  birds  alone. 
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The  femur  in  birds  is  short  and  stout,  with  the  ueck  and  head  extending 
inwards  into  the  acetaluilum  at  right  angles  to  the  shaft.  The  latter  is 
directed  forwards  and  slightly  downwards  during  life,  and  is  concealed  beneath 
the  flesh  and  feathers  of  the  abdomen  in  such  a way  that  the  knee-joint  is  not 
visible  externally.  Its  distal  condyles  are  large  and  antero  - posteriorly 
elongated,  and  a patella  is  present  in  most  cases.  The  tibia  is  a stout  bone 
considerably  longer  than  the  femur.  Its  expanded  jiroximal  end  exhibits  a 
procnemial  crest,  which  may  extend  above  the  knee-joint,  and  the  distal 
extremity  has  a trochlea-like  surface,  transversely  elongated,  and  slightly 
hollowed  in  the  middle.  In  young  Ihitites,  and  in  the  embryos  of  Carinate 
birds,  the  jiresence  of  a suture  near  the  distal  end  of  this  bone  indicates  that 
an  astragalus  and  calcaneum  are  fused  with  it,  thus  forming  a tibio-tarsus. 
In  the  Moas  the  united  astragalus  and  calcaneum  remain  for  some  time  (juite 
free  from  the  tiliia. 

The  fibula  in  birds  is  a degenerate  bone,  and  best  develojied  in  the  Moas, 
where,  although  short,  it  is  stout  and  free.  In  most  birds  it  is  more  or  less 
fused  with  the  tibia,  and  is  longest  in  the  penguins,  the  fish-hawk,  and  some 
owls,  where  it  reaches  almost  to  the  ankle-joint. 

The  distal  row  of  tarsals  fuses  with  the  cohssified  metatarsals  to  form  a 
tarso-metatarsus  (Fig.  -IGG).  'I’his  bone  is  peculiarly  characteristic  of  birds, 
and  its  variations,  together  with  those  of  the  tibia,  cause  the  differences  in  the 
length  of  the  leg  among  different  forms,  which  are  sometimes  enormous.  The 
fifth  metatarsal  is  never  developed,  and  the  first,  when  jiresent,  is  always 
rudimentary,  being  attached  to  the  inner  side  of  the  tarso-metatarsus  by 
ligament,  or  more  rarely  by  suture.  Aletatarsals  Nos.  ii  to  IV  are  imper- 
fectly united  in  ^-IrchdCdfifni/x,  and  completely  separated  in  the  embryos  of 
modern  liirds  ; but  in  the  iidult  condition  they  are  always  fused  into  a single 
bone,  although  the  three  comjionents  are  plainly  distinguishable  in  jrenguins. 
This  metapodal  element  terminates  distally  in  three  pulley-like  surfaces  for 
the  articulation  of  the  phalangeals.  Generally  the  median  condyle  is  thrust 
forward  in  advance  of  the  other  two,  and  the  modifications  of  this  region 
afford  ini])ortant  taxonomic  characters.  There  is  remarkable  constancy  in  the 
number  of  ])halanges  jiresent  in  the  toes  of  birds,  the  formula  being  2,  2,  4,  b 
in  almost  all  cases  where  the  full  complement  of  digits  is  jiresent.  The 
hallux,  however,  is  freipiently  wanting,  and  in  the  ostrich  onh^  digits  Nos.  ill 
and  IV  are  developed.  An  apparent  exception  to  the  usual  formula  occurs 
among  some  swifts  and  goatsuckers,  where  owing  to  fusion  of  some  of  the 
phalanges  the  formula  is  2,  2,  .2,  .’1. 

Fossil  egg-shells  or  casts  of  the  same  have  been  obtained  from  the  Cretace- 
ous and  various  Tertiary  horizons,  but  are  naturally  much  less  common  than 
bones  of  the  skeleton.  They  belong  for  the  most  jiui’t  to  cursorial  or  wading 
birds.  The  largest  known  eggs  are  those  of  Aejnjoniis,  from  the  superficial 
deposits  of  ^Madagascar,  which  have  a capacity  of  about  eight  liters.  Foetal 
bones  are  occasionally  found  in  iMoa  eggs  from  New  Zealand.  Certain  three- 
toed footprints  occurring  in  the  Trias  of  the  Connecticut  Valley  were  formerly 
ascrilied  to  an  avian  origin,  but  are  doubtless  referable  for  the  most  part  to 
bipedal  Dinosaurs.  The  jiresumable  kinship  between  birds  and  Dinosaui's  has 
already  been  discussed  under  the  head  of  the  latter  group 

In  comparison  to  the  large  number  of  recent  species,  of  which  over  12,000 
have  been  described,  the  400  or  500  known  fossil  forms  yield  but  an  in- 
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sigiiitieaiit  record  of  the  ancient  avian  faunas.  Vet  as  far  as  the  record  shows, 
Tertiary  ornithic  faunas  were  essentially  like  the  modern,  and  it  is  only  as  we 
direct  attention  to  the  Mesozoic  that  signal  difierences  are  to  be  observed.  In 
Archaeopteryx,  the  oldest  known  bird,  the  tail  had  not  become  atrophied,  nor 
the  teeth  lost  in  the  adult ; the  pelvis  was  not  fully  developed,  and  the  verte- 
brae had  not  yet  acquired  the  saddle-shaped  articulations  characteristic  of 
post- Jurassic  forms. 

The  Classification  of  Birds. — Classiheation,  as  here  employed,  is  an  attempt  to 
place  together  related  species  and  to  arrange  the  groups  thus  fonned  so  as  to 
indicate  the  extent  to  which  each  has  been  modified,  or  has  departed  from 
what  is  conceived  to  be  the  most  generalised  or  lowest  ty[ie.  Further  than 
this  a linear  or  tabular  arrangement  cannot  go,  and  it  is  obviously  impossible 
to  express  in  such  a manner  the  interrelationships  of  the  various  groujis  ; 
moreover,  such  a series  cannot  lie  so  arranged  that  we  may  pass  liy  regular 
gradations  from  the  lower  to  the  higher  forms. 

The  difficulties  attending  the  classification  of  birds  are  at  once  their  great 
general  similarity  of  structure  and  their  numerous  adaptive  modifications, 
sometimes  slight,  sometimes  so  great  as  to  obscure  characters  of  real  value. 
There  are,  besides,  a certain  number  of  aberrant  forms  whose  exact  jiosition  is 
a matter  of  uncertainty,  and  others  in  which  there  are  departures  more  or  less 
pronounced  from  the  general  structure  of  the  group  in  which  fhey  should 
obviously  be  placed.  For  it  must  be  constantly  borne  in  mind  that  in 
palaeornithology  we  are  not  dealing  with  the  entire  class  of  birds,  but  only 
with  a certain  portion  of  it,  since  the  number  of  known  fossil  birds  is  very 
small,  and  it  is  consequently  impossible  to  trace  the  lines  of  descent  of  existing 
species  ; rve  do  not  even  have  broken  lines  to  guide  us,  but  merely  isolated 
dots  to  indicate  their  probable  existence.  For  the  proportion  of  fossil  to 
existing  birds  is  small  indeed,  about  500  extinct  to  12,000  living  species,  and 
most  of  these  are  from  the  Miocene  or  later  horizons  ; they  are  easily  refer- 
able to  existing  families  and  often  to  existing  genera,  so  that  they  throw  little 
light  on  the  phylogeny  of  modern  birds. 

The  reasons  for  the  remarkable  dearth  of  fossil  avian  remains  are  oliscure, 
and  those  usually  adduced,  such  as  the  imperfection  of  the  geological  record,  do 
not  seem  altogether  satisfactory,  the  more  so  since  in  some  favoured  localities, 
such  as  Allier  in  Southern  France,  and  Fossil  Lake,  Oregon,  liones  of  liirds 
have  been  found  in  considerable  numbers.  The  palaeontologist  is  further 
ham})ereil  by  having  to  restrict  himself  to  characters  offered  by  the  skeleton 
alone,  and  while  these  are  of  ]irimary  importance,  much  valuable  evidence 
may  be  gathered  from  the  muscles,  viscera,  and  plumation.  And  birds  must 
be  cl  issified  bj^  the  resultant  of  all  their  characters,  not  liy  any  one  set,  for 
the  exceptions  to  any  general  rule  are  nowhere  more  numerous  among  verte- 
brates than  in  this  particular  class.  Finally,  there  is  the  personal  equation, 
or  the  individual  opinion  of  the  classifier,  as  to  the  relative  values  of  the 
characters  on  which  we  must  rely  for  uniting  or  separating  species.  For  these 
reasons  no  two  systems  will  lie  found  to  agree  in  all  their  details,  certain 
liirds  or  groups  of  birds  lieing  particularly  liable  to  shifting  about  at  the  hands 
of  the  taxonomist. 

The  divisions  here  emjiloyed  are  practically  those  of  Stejneger,'-  although 

^ Staiidai'd  Natural  History,  vol.  III. — Bird.s.  Bo.stoii,  1885  (afterwards  changed  to  the  Uiverside 
Natural  History). 
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the  Hesperondthes,  Ichthi/urnithes,  and  Iinpeuiies  have  been  reduced  to  a lower 
grade  than  that  assigned  them  in  his  system,  as  has  been  done  by  Fiirbringer 
and  others.  These  divisions,  which  correspond  in  a great  measure  to  the  sub- 
orders of  Fiirbringer,  are  larger  than  those  usually  considered  as  orders,  and 


FI^^  307. 


often  comprise  some  very 
diverse  forms.  An  alterna- 
tive is  to  treat  each  group 
separately,  which  gives  from 
twenty  to  forty  divisions, 
variously  designated  as 
families,  sub-orders,  or  orders. 

Sub-Class  1. 
SAURURAE.' 

Tail  feathers  arnuu/ed  in 
pairs  on  eifh,er  side  of  the  elon- 
gate caudal  rerfehrae.  Sternum 
rndirneidarij ; dorsal  ribs  ivith- 
nut  nndnatc  processes ; cervical 
ribs  free;  vertebrae  ampldcoelous. 
Pelvic  dements  separate,  as  are 
also  the  ntetacarjials ; digits 
el  (need. 


Order  1. 

ARCHAEORNITHES. 

Skidl  t/ipicallji  bird -like, 
provided  with  a series  of  coniced, 
socketed  teeth  along  the  margin 
if  the  upper  and  lower  jaws. 
I'ertebrae  ampldcoelous,  and  the 
lizard-like  tail  longer  than  the 
presacral  gmrtion  (f  the  column. 
Itemiges  and  rectricex,  with,  their 
coverts,  well  developed.  Upper 
dura. 


Arrhni  optei  ii.i  lUlKxiroj'Jiicc,  v.  .Mt*y»^r.  Lilliographic  StoiM-; 
Kiclistivlt,  Bavaria.  r,  Cari>al  ; rl,  Furcula  ; ro.  Coracoid  ; //, 

Humerus;  r,  Uadius ; sc,  ^5caI)ula ; v.  Ulna.  Original  in  Jierlin 
Museum  (I'rom  Steinmann  and  Dmlerlein). 


-I rchaeopterjpr,  von  Meyer 
{flniphosaurus,  Wagner),  (Fig. 
.‘U)7).  This  unique  and  in 
many  resjiects  i'emarkal)le  genus  is  known  by  two  nearly  complete  skeletons 
from  the  Lithographic  Stone  of  Ilavaria,  one  of  which  is  preserved  in  the 


’ J)i(iiies.  ir.,  Ueber  Arcliaeopterj-x  (I’alaeoiit.  Abliandl.  Dames  uiid  Kayser,  vol.  TI.  p.  119), 
1884. — Ueber  Hrnst))eiii,  Selnilter-  uiid  Beckeiigurtel  der  Areliaeoptery.x  (Sitzuugsber.  preu.ss.  Akad. 
Wisseiiscli.  vol.  XXXVIII.  ]i.  818),  1897.-  -Ibee/o  R.,  On  tlie  Arcliaeopteryx  of  von  Meyer  (Pliil. 
Tr.ans.  vol.  Cldll.  ji.  33),  18ti3. — Pycraft.  11'.  /'.,  The  Wing  of  Arcliaeopteryx  (Nat.  Sci.  vol.  VIII. 
]i.  261),  189().  — -X'fc/cy.  //.  <;..  Professor  C.  Vogt  on  Archaeopteryx  (Geol.  Mag.  [2],  vol.  VTIl.  p.  454), 
1881. — I’"'//.  Sur  PArchaeopteryx  macnira  (Kevue  Scient.  [2],  vol.  X.XIII.  ]i.  241),  1879. 
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British  and  the  other  in  the  Berlin  Museum.  They  are  considered  as  repre- 
senting two  species,  A.  macnira  and  A.  siemensi,  and'  fortunately  suiiplenient 
each  other  in  such  wise  that  the  osteology  is  known  with  tolei'alde  accuracy. 
Contrary  to  the  usual  condition  among  birds,  none  of  the  bones  appear  to 
have  been  pneumatic. 

The  skull  is  shaped  like  that  of  a typical  bird,  its  constituent  elements 
being  fused  together,  and  the  quadrate  apparently  free.  A sclerotic  ring  is 
present,  and  there  is  a series  of  thirteen  conical  teeth  on  each  side  in  the  upper 
jaw,  fixed  probably  in  distinct  sockets.  The  vertebral  column  comprises 
about  fifty  vertebrae,  of  which  ten  or  eleven  are  cervical,  eleven  or  twelve 
dorsal,  two  lumbar,  six  or  seven  sacral,  and  about  twenty  caudal.  The 
cervical  and  dorsal  vertebrae  seem  to  have  been  amphicoelous,  or  amphi- 
platyan,  as  in  reptiles,  and  bear  iveakly  developed  transverse  processes  and 
neural  spines.  The  ribs  are  very  slender,  free  in  the  neck  region,  and  ivithout 
ossified  uncinate  processes  in  the  thoracic  region.  Twelve  or  thirteen  pairs  of 
abdominal  ribs  are  present  in  the  ventral  wall  of  the  liody  cavity.  In  the 
pectoral  arch  the  long  and  slender  scapula  is  essentially  bird-like,  and  exhiljits 
a well-developed  acromion.  The  sternum  is  unfortunately  not  well  preserved, 
but  the  coracoids  and  U-shaped  furcula  resemble  those  of  modern  Carinate 
birds.  The  wing  is  relatively  small,  and  its  bones  slender.  Radius  and  ulna 
are  straight,  and  but  little  shorter  than  the  humerus.  The  carpus  is  im- 
jierfectly  known,  and  the  three  metacarpals  appear  to  have  been  free.  [Meta- 
carpal No.  I is  quite  short,  and  No.  Ii  longer  and  stouter  than  the  first  or 
third.  The  lizard-like  manus  terminates  in  three  clawed  digits  having  the 
phalangeal  formula  2,  3,  4. 

The  three  pelvic  elements  appear  to  have  been  distinct,  and  united  with 
each  other  by  persistent  sutures.  The  acetabulum  is  perforate.  The  hind 
limb  is  essentially  avian,  and  conspicuous  only  for  the  weak  development  of 
the  cnemial  crest  of  the  tibia.  There  are  four  clawed  digits  in  the  pes  (Nos.  I 
to  iv),  with  the  phalangeal  formula  2,  3,  4,  5.  In  the  wing  are  observed 
seven  primary  and  ten  secondary  remiges  with  their  coverts.  The  rectrices  of 
the  tail  are  arranged  in  pairs,  directed  obliquely  backward,  one  pair  to  each 
vertebra.  Contour  feathers  are  also  indicated  on  the  neck  and  along  the 
tibia. 

Archaeopteryx  appears  to  have  been  intermediate  in  size  lietween  an  ordinary 
pigeon  and  crow,  and  to  have  enjoyed  a moderate  power  of  flight.  The  clawed 
digits  of  the  manus  were  doubtless  efi'ective  in  climbing  trees  and  rocks.  In 
this  connection  the  quadrupedal  habits  of  young  modern  birds,  especially  the 
hoactzin  {Opisthocomus),  cormorant,  and  certain  water-fowls,  are  of  significance 
as  indicating  a possible  survival,  “handed  down  from  the  very  dawn  of  avian 
development  ” (By craft). 


Sub-Class  2.  ORNITHURAE. 

Tail  feathers  arranged  like  a fan  around  the  terminal  portion  of  the  shortened 
caudal  rertehrae,  a number  of  which  are  usually  united  to  fonn  a pygostyle.  Sternum 
well  developed;  dorscd  [ribs  {save  in  Palamedea  and  Chrnnia)  with  uncinate 
■processes;  cervical  ribs  united  with,  their  vertebrae.  Pelvic  elements  proximally 
united  ; metacarpals  united. 
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Super-Order  1.  ODONTOLCAE.^ 

Birds  xcith  teefh  inqihudeil  in  a cuniiniwns  iji-oove  ; mandihnlar  rami  united  af 
file  s//iiipJujsis  hi/  lir/amenf  oid//,  and  with,  their  component  hones  free  f rum  one  another. 
Clavicles  f ree  f rom  one  another.  Basipteri/r/oid  processes  wanting;  palatal  structure 
irnperfecthi  known,  hut  the  head  of  the  ciuadrate  is  single  and  the  vomer  is  prohahh/ 
paiicd.  hones  of  pelvis  free  piosteriorlg  ; vertehral  articulations  saddle-shaped. 

I he  order  Ilesperornithes  contains  memljers  of  the  genus  llesperornis  (Figs. 
362.  363,  .368)  and  their  allies  from  the  Upper  Cretaceous  of  Kansas.  So  far 


3CS. 

Uisjitrornis  retftdU,  Marsli.  Upper  Cretaceous  ; Kansas.  Restoration  of  skeleton,  Vs  Marsli). 

as  is  known  the  teeth  in  the  ipjper  mandible  were  confined  to  the  maxilla,  for 

' .Marsh,  O.  <;.  Oiloiitornitlies  : A Monograph  on  tlie  E.xtinct  Toothed  Birds  of  North  America. 
Washington.  1880.  - X 11'..  J'lnniage  of  Hesperornis  (Kan.  Univ.  Quart,  vol.  V.  p. 

.10).  ISthi. 
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in  Hesperornis  the  extremely  long  premaxillae  are  toothless.  In  the  manclilile 
the  teeth  extend  to  the  tip.  Hesperornis  was  a flightless  and  highly  specialised 
di\'ing  bird  of  great  size,  having  the  wing  represented  by  the  hnmerns  only. 
The  coracoid  is  short  and  wide,  but  the  clavicle  articulates  with  the  inner  side 
of  the  head  as  is  customary  among  birds. ^ The  pelvis  is  greatly  compressed, 
the  femora  short  and  massive,  the  patella  enormous  and  functioning  as  a 
cnemial  process,  the  tibiae  hollow.  The  outer  digit  of  the  four-toed  foot  is 
much  the  largest,  being  nearly  twice  the  length  of  the  third  digit ; the  toes 
appear  to  have  been  lobed,  and  the  tarsi  were  directed  outwards  from  the  sides 
of  the  liody  and  not  downwards  as  in  modern  birds. 

Enalioniis,  from  the  Cambridge  Creensand,  has  been  considered  as  a related 
form,  and  another  genus,  Baptornis,  also  occurs  in  the  Kansas  Cretaceous. 


Super-Order  2.  ODONTORMAE. ’ 


Birds  with  teeth  in  separate  sockets  and  with  slifihth/  amphicoelons  vertehraf. 
Palatal  structure  unknoim,  but  the  quadrate  has  but  a single  head. 


The  order  Ichthgornithes  is  best  known  by  Ichthyornis  victor,  Marsh  (Figs. 

.‘1(59-371),  a bird  about  the  size  of  a pigeon, 
from  the  Cretaceous  of  Kansas.  The  deeplj' 
keeled  sternum  and  the  humerus  indicate  a 
bird  of  powerful  flight,  but  as  in  Hesperornis 
and  most  I) romaeoguathae,  the  com]ionent  bones 
of  the  })elvis  are  posteriorly  free.  As  in 
Hesperornis,  the  teeth  of  the  sejiarated  halves 


Fii;.  370. 

Ichtliyoi  ais  dispo.r,  ]\Iavsli.  Uj'per  Cretaceou.s 
Kansas.  Mandible,  ^/4  (after  ]\Iarsli)- 


Fn;.  360. 

Irkthyornis  i:ictoi\  ]\rarsh.  I'pper  Crctacooii.s ; Kansas. 
Restoration  of  skeleton,  1/2  (after  Marsh). 


Fi((.  371. 

[chthyornis  dispar,  Marsli.  l.,ateral  (.4),  and 
anterior  (Ji),  asxiect  of  cervical  vertebra,  -/i 
(after  Marsh). 


of  the  lower  mandible  extend  the  full  length  of  the  dentary,  while  in  the 
upper  jaw  they  were  confined  to  the  maxilla. 

^ Tbi.s  is  quite  difterent  from  wliat  is  shown  in  Professor  Marsli’s  figure,  but  a specimen  in  tlu- 
Uuited  States  National  Museum  shows  that  in  his  specimens  the  clavicles  were  slightly  imperfect. 

- Marsh,  0.  C..  Odontornithes,  etc.  Washington.  1880. 
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Super-Order  3.  DROMAEOGNATHAE.’ 

The  skull  is  of  the  Dromaeognathous  type,  and  the  head  of  the  quadrate 
is  single,  save  in  the  Apteryges,  in  which  the  articular  head  is  broad,  and 
almost,  or  quite,  double.  While  the  single-headed  quadrate  is  also  found  in 
the  toothed  birds  Iclithyornis  and  Hesperornis,  in  these  the  halves  of  the  lower 
mandible  are  free  from  one  another,  a point  wherein  they  differ  from  other 
birds.  The  ischia  are  never  united  with  the  ilia  save  at  the  extreme  distal 
portion,  and  are  usually  slender  and  free,  while  the  aspect  of  the  entire  pelvis 
is  quite  different  from  that  of  the  Evornithes.  The  upper  end  of  the  tarsus 
is  never  perforated  for  the  passage  of  tendons,  and  the  terminal  caudals  do  not 
fuse  to  form  a pygostyle. 

The  iJivmaeognatJi.ae  comprise  a small  number  of  birds  differing  from  one 
another  in  important  particulars,  but  all  evidently  related  to,  or  directly 
descended  from,  old  and  ])rimitive  forms  ; they  may  be  considered  as  the 
scattered  survivors  of  the  ancient  avi-fauna  of  the  globe,  and  some  are  confined 
to  a remarkably  small  area.  It  is  scarcely  too  much  to  say  that  greater 
differences  of  structure  are  to  be  found  among  the  few  members  of  this  division 
than  among  all  other  existing  birds,  and  these  differences  are  such  that  they 
are  frequently  placed  in  different  orders.  The  flightless  struthious  birds  have 
a sternum  devoid  of  a keel,  and  very  variable  in  shape  posteriorly,  while  the 
shoulder  girdle  exhibits  various  degrees  of  degeneration  from  the  absence  of 
clavicles  to  the  lack  of  the  entire  wing.  The  pelvic  region  is  also  very  variable 
as  to  the  ischia  and  pubes. 


Order  1 STRUTHIONES. 

This  order  comprises  the  true  ostriches  (Sfntfhio),  the  rheas  (Ehea),  the 
cassowaries,  and  emeus  (Casnarius  and  Dromaius),  these  forming  three  groups 
in  the  order  given,  which  are  sometimes  raised  to  ordinal  rank,  but  more  often 
considered  as  families,  super-families,  or  sub-orders.  The  extinct  Moas  forming 
the  family  Diiiondthidae  form  a distinct  division,  and  the  Aepyornithes  of 
Madagascar  still  another,  although  owing  to  lack  of  knowledge  of  their  jialatal 
structure  these  last  cannot  be  accurately  placed. 

These  are  all  large  flightless  birds,  having,  so  far  as  known,  a typically 
Dromaeognathous  skull  with  the  long  basipterygoid  processes  arising  from  the 
b(j(ly  of  the  parasphenoid,  giving  it  something  of  a cruciform  shape  ; the 
nostrils  are  holorhinal.  The  sternum  is  not  keeled;  the  scapula  and  coracoid 
are  short  and  fused  with  one  another,  and  the  wings  small.  All  these,  how- 
ever, are  negative  characters  correlated  with  loss  of  the  power  of  flight. 

Family  1 . Struthionidae. 

In  the  Sfi’ufhionidae,  or  ostriches,  the  pubes  are  united  in  a ventral  sym- 
physis, the  toes  reduced  to  two,  the  third  and  fourth  digits  only  being  present, 

' I’ycrofi,  ir.  y'. , Morphology  and  Phylogeiiy  of  the  Palaeognathae  {Roiitae  and  CrypUiri)  and 
Xeognalhae  {Cn rinatue),  (Trans.  Zool.  Soc.,  London,  vol.  XV.  p.  149),  1900.  This  important  paper 
contaiins  a very  full  bibliography  of  works  relating  to  the  group  here  called  ] ) romaeognatha e.  Mr. 
Pycraft  shows  very  clearly  that  the  groups  Ratilae  and  (Jarinatae  are  artificial,  and  that  the 
Tinamons  belong  with  the  Ostriches. 
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and  the  weight  of  the  body  carried  mainly  by  the  third,  a high  degree  of 
specialisation  due  to  modification  for  running.  Fossil  remains  of  these  birds 
occur  in  the  Lower  Pliocene  of  the  Siwalik  Hills  and  the  Island  of  Samos, 
while  fossil  eggs,  slightly  larger  than  those  of  the  living  ostrich,  have  been 
described  under  the  name  of  St  ruth  ioUf  hits,  from  superficial  deposits  of  Southern 
Eussia  and  Xorthern  China.  This  would  seem  to  indicate  that  the  range  of 
the  group  has  been  restricted  through  the  agency  of  man. 

Family  -2.  Rheidae. 

The  rheas  have  the  ischia  turned  inward,  so  that  they  meet  and  are  united 
beneath  the  ilia,  while  a number  of  the  anterior  caudal  vertebrae  are  crowded 
out  and  aborted  ; they  have  three  digits  in  the  foot.  The  species  of  this 
family  are  confined  to  southern  South  America,  where  remains  referable  to 
existing  species  occur  in  Pleistocene  deposits. 

Diatrii'ina,  Cope,  from  the  Eocene  of  New  Mexico,  was  assigned  to  this  group 
by  Cope,  but  it  is  very  doubtful  if  this  is  correct ; the  affinities  of  Diatnjma 
appear  to  be  rather  with  the  South  American  Fhororhacidae. 

Family  3.  Dromaiidae. 

The  emeus  from  Australia,  and  the  cassowaries  from  Northern  Australia, 
and  a number  of  the  islands  to  the  northward,  have  no  striking  jieculiarities 
of  the  pelvic  region,  and  are  three-toed.  The  bones  of  the  wing  are  very 
greatly  reduced  in  size.  Allied  to  the  emeus  is  Genyornis  from  the  Pleistocene 
of  Australia,  a bird  of  massive  build  with  a skull  0'3  m.  in  length.  Hypselornis 
occurs  in  the  Pliocene  of  India. 

Family  4.  Aepyornithidae.^ 

The  Aepyornitliidae,  although  known  only  by  fossil  remains,  including  entire 
egg-shells,  from  Northern  Madagascar,  have  become  extinct  at  a comparatively 
recent  epoch.  They  were  birds  of  great  size  and  massive  build,  having  a 
relatively  small  skull  and  an  unusually  short  and  broad  sternum,  with  well- 
developed  facettes  for  the  coracoids.  Foot  normally  with  four  digits,  but  the 
hallux  is  sometimes  wanting.  The  nearest  relatives  of  these  birds  are  con- 
sidered to  be  the  cassowaries  and  emeus.  The  typical  species  is  the 
unfortunately  named  Aepyornis  maximus,  a species  considerably  exceeded  in 
size  by  A.  titan,  which  has  a tibia  80  cm.  in  length. 

Family  5.  Dinomithidae. 

The  Dinomithidae  ^ comprise  about  twenty  or  twenty-five  species  of  birds 
popularly  known  as  Moas. 

1 Awlreu's.  C.  U'.,  Skeleton  of  Aepyornis  (Ibis.  p.  376).  1896.  Also,  Geol.  Mag.  [4],  vol.  IV. 
(1897),  p.  241. — Bianconi,  G.  G.,  Eecherches  sur  I’Epyornis  maximus  (Ann.  Sci.  Nat.  Zool.  [5],  vol. 
III.  p.  58),  1865. — Capellini,  G.,  Sul  primo  novo  di  Aepyornis  maximus  arrivato  in  Italia  (Mem.  Acad. 
Sci.  1st.  Bologna  [4],  vol.  X.),  1889. — Mil ne-Ed wards,  .1.,  and  Gra/ndidier.  .4.,  Ann.  Sci.  Nat.  Zool. 
[5],  vol.  XII.  p.  167),  1870. 

- For  papers  relating  to  Diiiornithida.e,  see  Uamiltnn,  A.,  Bibliograpliv  of  Dinomithidae  (Trans. 
Nerv  Zeal.  Inst.  XXVI.  (1893),  p.  229).  Also,  Hutton,  F.  II'.,  New  Zell.  Journ.  Sci.,  Nov.  1891, 
■ p.  6. — Parker,  T.  ./.,  On  the  Cranial  Osteology,  etc.  of  Dinomithidae  (Trans.  Zool.  Soc.,  London, 
vol.  XIII.  p.  373),  1895. — Andrews,  C.  II'.,  Skeleton  of  Megalaptervx  (Novit.  Zoologicae,  vol.  II. 
p.  188),  1897. 
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ca,\ es  with  some  of  the  ligaments  and  portions  of  the  integument  ])reserved. 
Xo  lemains  are  known  older  than  the  Pliocene.  The  plumage,  so  far  as 
knowm,  resembles  that  of  emeus  and  cassowaries. 

Dinoniis,  Owen.  Beak  relatively  wide  and  jiointed,  temporal  fossae  large. 
Aliout  twenty  vertebrae  jiresent  in  cei’vical  and  sacral  regions  respectively. 
.Sternum  al)Out  as  long  as  broad,  very  convex,  wdth  small  coracoidal 
facettes,  three  costal  facettes  on  each  side,  widely  divergent  lateral  jirocesses, 
and  a xiphi-sternal  notch.  .Scapulo-coracoid  element  without  glenoid  cavitv 
foi  the  humerus.  Pelvis  narrow,  with  elevated  ilium.  Femur  comparatively 


SUPER-ORDER  IV 


EUOP.NITHES 


i:i 


long,  its  medullary  cavity  with  very  thick  walls.  Tihio-tarsus  and  tarso- 
metatarsus  also  long  and  slender;  hallux  rudimentary  or  absent.  1).  inaxinms, 
Owen,  attained  a height  of  over  3’5  m.  when  standing. 

Palapterijx,  Owen  {Enrapteryx,  Haast),  (Fig.  .372).  Smaller  but  much 
stouter  than  the  preceding.  Beak  short  and  rounded  ; sternum  Hat,  broader 
than  long,  withoiit  coracoidal  facettes  ; pelvis  low  and  broad.  Hind  liinljs 
extremely  massive,  crus  relatively  short ; hallux  present.  Total  height  less 
than  2 m. 

Anomalopteryx,  Reich.  Small  birds  of  comparatively  sleniler  build.  Skull 
narrow  and  elevated,  with  sharply-pointed  Iseak.  Sternum  much  longer  than 
broad,  moderately  flattened,  with  faint  or  no  coracoidal  facettes,  three  costal 
facettes  on  each  side,  and  a pair  of  long  and  slender  lateral  processes.  Tarso- 
metatarsus  shorter  than  the  femur,  and  scarcely  half  as  long  as  the  tibio- 
tarsus  ; hallux  present. 

Megalapteryx,  Mesopteryx,  Haast.  These  genera  accompany  the  preceding, 
but  are  less  satisfactorily  knorvn. 

Order  2.  APTERYGBS.i 

This  order  contains  the  small,  flightless  birds  of  the  genus  Apteryx,  found 
only  in  New  Zealand.  They  are  readily  distinguished  l)y  their  long,  rather 
slender  beaks,  and  by  the  nostrils  opening  at  the  end  of  the  beak,  a point 
wherein  they  differ  from  all  other  l)irds.  The  sternum  is  broad,  the  wings 
minute,  the  foot  four-toed,  the  first  digit  being  small,  and  above  the  level  of 
the  others.  Remains  of  several  species  of  Apteryx,  mainly  ascribable  to  living- 
species,  occur  in  superficial  deposits  of  New  Zealand. 

Order  3.  CRYPTURI. 

The  tinamous,  constituting  the  order  CrypAuri,  are  Erumoeoynathae,  ha^■ing  a 
long,  narrow  keeled  sternum,  with  a long,  slender  lateral  i-)rocess  on  either 
side.  In  the  shortening  of  the  vomer,  and  moving  forward  of  the  palatine 
region,  they  show  an  approach  towards  the  Euornithes.  The  tinamous  reseml;)le 
little  ostriches  in  their  appearance,  but  have  a limited  power  of  flight  ; and 
because  of  this,  their  small  size,  and  keeled  sternum,  they  have  l)een  kept  near 
the  gallinaceous  birds.  It  may  well  be  that  they  retain  the  primitive  characters 
of  the  group  from  which  some  of  the  Gallinae  have  lieen  derived,  but  it  is  of 
interest  to  note  that  while  in  some  details  of  their  musculature  they  resemble 
the  fowls,  in  other  and  more  striking  points  they  resemble  the  ostriches.  The 
group  is  eminently  characteristic  of  South  America,  although  it  extends  north- 
wards into  Mexico.  So  far  very  few  fossil  remains  of  the  tinamous  have  been 
found,  and  these  from  comparatively  recent  de2’>osits. 

Super-Order  4.  EUORNITHES. 

The  su])er-order  EnornUhes  com^jrises  the  vast  majority  of  existing  birds, 
and  is  the  equivalent  of  the  Carinatue,  less  Ichthyornis,  and  the  tinamous.  Its 
members  are  characterised  by  having  the  Euornithic  type  of  skull  (see  j).  260), 

1 Parker,  T.  J.,  Anatomy  and  Development  of  Apteryx  (Phil.  Trans.  Pioy.  Soc.),  London,  1891. 
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;uid  the  ilium  iuul  ischium  ;ire  iihvays  fused  posteriorly.  The  hypotarsus'has 
(uie  or  more  teiidiiial  cauals,  and  the  sternum  is  generally  keeled,  although  this 
is  a character  of  little  value,  since  any  group  may  have  it.s  flightless  forms. 
Thus  we  have  the  owl  parrot  {Stringops  liuhruptilus),  Harris’s  cormorant  {llalieus 
harrisi),  the  weka  rail  (Oci/tlromus  ansfrulis),  and  the  dodo  (Diilus  ineptus), 
each  representing  a diti'erent  order. 

Limits  of  space  preclude  more  than  a brief  survey  of  the  various  sul)- 
divisious  of  the  Kuoruifhes,  and  the  student  will  no  doubt  be  struck  by  the 
slight  and  often  unsatisfactory  natuie  of  the  osteological  characters  used  to 
define  them.  It  is  hoped  that  failure  in  this  respect  may  be  i)ardoned,  since 
Huxley,  Ftirbringer,  and  Leddanl  were  all  forced  to  rely  largely  on  the  muscles 
and  ptervlosis  to  define  their  divisions  of  birds. 

Order  1.  IMPENNES.  Penguins.* 

The  ])enguins  deserve  ])articular  notice  on  account  of  their  high  specialisa- 
tion as  swimming  birds,  while  at  the  same  time  they  jwesent  some  primitive 
characters.  The  wings  are  shortened,  flattened,  and  modified  into  paddles,  but 
as  they  are  moved  by  the  muscles  employed  by  other  birds  in  flight,  the 
sternum  retains  its  keel.  The  skull  is  schizognathous,  and  the  component 
bones  l emain  free  from  one  another  for  an  unusual  length  of  time ; the 
pterygoids  are  very  large.  The  scaptila  is  unique  among  birds  in  being 
expanded  posteriorly.  The  dorsal  vertebrae  are  markedly  opisthocoelous. 
The  tarsus  is  short  and  wide,  and  its  three  coni])onent  tarsals  ])lainly  indicate<I 
by  their  imperfect  fusion. 

On  account  of  these  characters  and  ])eculiarities  found  in  the  jAerylosis 
and  muscles,  (xill,  Stejneger,  and  IMenzbier  have  considered  the  ])enguins  as 
forming  a group  ecpxal  in  value  to  the  rest  of  the  Euarnithes  ; but  this  seems 
too  exalted  a rank,  and  does  not  take  purely  ada])tive  features  sufhciently  into 
account.  The  grou])  is  characteristic  of  the  .southern  ])arts  of  the  southern 
hemis])here,  but  extends  to  the  eipiator  off  the  west  coa.st  of  South  America. 
Its  geological  history  is  imperfectly  known,  but  the  penguins  must  have 
attained  their  s])ecialisation  at  an  early  date,  as  one  genus  (Pahieospheniscus) 
has  been  obtained  from  the  Hocene  of  Patagonia,  and  a giant  form  (Pahe- 
eiiili/pf/'n)  is  known  from  the  Kocene  of  New  Zealand. 

Order  2.  CECOMORPHAE. 

The  Ccroinorphue  include  the  auks,  gulls,  divers,  and  jxetrels,  these  last 
diverging  from  the  other  members  of  the  ordei'  and  often  ])laced  in  an  order 
by  themselves,  the  Tnhiaures.  The  divers  {Col i/mbidae)  and  petrels  are  con- 
sidered, among  existing  birds,  to  be  tho.se  nearest  the  penguins,  the  Tuhinares 
again  having  some  jxoints  of  resemblance  to  the  storks  (Grallue).  The  Ceco- 
iiinrpluic  are  swimming  birds,  having  a schizognathous  palate  and  the  angle  of 
the  mandible  truncate. 

.Vn  albatross,  Diomedea  unglica,  occurs  in  the  Ked  Crag,  Pliocene,  of 
Lngland,  and  remains  of  gulls  are  numerous  in  the  Miocene  of  the  south  of 

‘ M..  ttejiort  on  tlie  IVnjniins  colli-cte  1 by  tlie  Chiilh‘ii(ier  (Challenger  Report.s,  vol.  VII. 

I 'art  .Will.),  ISS.-i. 
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France  ; and  it  is  of  interest  to  note  that  the  earliest  known  ank,  ]\IancaUa 
ralifornieiisis,  from  the  Upper  Miocene  of  California,  was  a highly  specialised 
and  flightless  form. 


Order  3.  GRALLAB. 

The  Grallae  are  a gronp  of  wading  birds  having  a schizognathons  sknll  with- 
out basipterygoid  processes  and  schizorhinal  nostrils.  The  order  embraces  the 
cranes,  snipe,  bustards,  and  rails,  and  includes  an  unusual  number  of  aberrant 
forms,  such  as  the  South  Amei'ican  trumpeter,  Psophia;  the  Seriema,  Cariama  : 
and  the  New  Caledonian  Bhinochoetus,  birds  which  retain  some  of  the  characters 
of  their  ancestral  forms,  and  hence  being  more  generalised  than  their  modei'ii 
relatives,  are  hard  to  fit  into  any  scheme  of  classification. 

The  plovers  closely  approach  the  gulls  among  the  Cecomorphae,^  while 
through  Cariania  the  Grallae  point  towards  the  birds  of  prey,  and  there  is  a 
strong  and  probably  more  than  superficial  likeness  between  this  and  the 
equally  aberrant  accipitrine  secretary  bird. 

The  gigantic  birds  of  the  genus  Phororhacos,  and  their  allies  from  the 
Miocene  of  Patagonia,  are  gralline  birds  related  to  Cariarna,  although  some 
structural  details  seem  to  point  towards  the  herons.  They  are  distinguished 
by  a large  skull  having  a high,  com])ressed,  and  sharply  hooked  beak,  and  by 
a small  sternum  and  shoulder  girdle ; the  pubis,  save  the  anterior  end,  is 
lacking.  The  skull  of  the  largest  species,  Phororhacos  longissimus,  rvas  0'6  m. 
long,  and  the  cervical  vertebrae  13  cm.  across,  far  exceeding  in  their  dimensions 
those  of  any  other  bird.  Their  structure  suggests  that  they  were  cursorial 
birds  of  prey  in  their  habits.  These  highly  specialised  forms  are  from  the 
Santa  Cruz  beds  of  the  Miocene  of  Patagonia.  It  is  probable  that  Diatryma 
from  New  Mexico  is  related  to  these  birds.  A crane,  Palaeoyrus,  occurs  in 
the  Eocene  of  Italy  ; and  another,  Aletomis,  in  the  Eocene  of  AVyoming.  A 
rail,  Gypsornis,  is  found  in  the  Eocene  of  Montmatre. 


Order  4.  CHENOMOBPHAE. 

The  Cheiiomorphcie,  or  ducks,  after  excluding  one  or  two  debatable  species, 
form  a sharply  defined  group  of  water-birds,  whose  skull  is  typically  desino- 
gnathous,  either  by  the  direct  fusion  of  the  maxillo-palatines  or  their  indirect 
union  through  the  ossified  narial  septum.  Low  basipterygoid  facettes  are 
present,  well  forward  on  the  s})henoid,  and  on  these  the  pterygoids  slide, 
allowing  a slight  motion  of  the  beak.  The  posterior  end  of  the  mandible  is 
produced  and  recurved. 

The  “ outliers  ” of  the  Cheaornorphae  are  three  species  of  South  American 
birds  representing  the  genera  Palamedea  (or  Anhimu)  and  Chauna,  which  form 
either  a separate  order,  sub-order,  or  superfamily,  the  Palamedeae.  These 
birds  have  neither  webbed  feet  nor  duck-like  bills,  and  bear  a slight  superficial 
resemblance  to  the  fowls,  although  anatomical  characters  place  them  near 
the  ducks. 

The  flamingoes  form  another  debatable  group,  assigned  by  some  to  the 

^ That  Beddard  includes  botli  gulls  and  plovers  in  his  Luiiirolae  may  serve  as  an  illustration 
of  the  .slight  variations  among  birds,  and  the  extent  to  which  individual  opinion  enters  into  the 
classifying  of  birds. 
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Chenomorjihae,  l)y  others  to  the  Herodiones,  tlieir  athnities  to  both  leading 
Huxley  to  2)lace  them  in  a sej)arate  grouj)  termed  Aiiiphimorphae.  It  may  be 
that  we  have  in  the  tlaniingoes  the  survivors  of  a grouj)  from  which  both  the 
storks  and  ducks  were  derived,  since  the  grouj)  is  an  old  one  and  its  range 
formerly  much  more  extensive  than  at  j^i’esent.  The  earliest  known  member 
is  Smniortds,  from  the  Cretaceous  of  Sweden,  while  the  allied  genus  Aqnoptenis 
comes  from  the  Eocene  of  the  Paris  Basin,  and  Elornis  from  the  Eocene  and 
Miocene.  Several  s])ecies  of  J’alaeolochis,  a shorter-legged  bird  than  the 

Hamingo,  also  occur  in  the 
Miocene  of  France,  and 
true  Phuenicopfcnis  in 
Pliocene  of 
Miocene  of  France. 

Gasfornis,  from  the  Eocene 
of  Europe,  is  a large  bird, 
2)laced  at  first  with  the 
ostriches,  but  more  generally 
regarded  as  an  aberrant 
member  of  the  Chi’jmmorpluie. 
It  is  remarkable  from  the 
fact  that  the  bones  of  the 
skull  seem  to  ha^m  remained 
free  from  one  another 
throughout  life. 

Ducks  are  not  uncommon 
in  the  Miocene  of  France 
and  Pliocene  of  Oregon,  and 
a large,  flightless  sj)ecies, 
Ctieiiiioniis  adrUraiis,  (jccurs 
in  the  Pleistocene  of  New 
Zealand.  This  bird  well 
exemplifies  some  of  the  diffi- 
culties in  the  way  of  deter- 
mining the  exact  affinities 
from  isolated  bones,  since 
from  the  tilua  Owen  considered  it  to  belong  with  the  Moas,  while  from  the 
sternum  Parker  believed  it  to  be  a rail ; the  discovery  of  the  skull  showed  it 
to  be  unequivocally  a goose.  Numerous  species  of  Anas  (Fig.  373),  as  Avell 
as  isolated  rei^resentatives  of  Anser,  Cygnus,  Faligida,  Spatula,  Mery  ns,  and  the 
like  are  known  from  the  late  Tertiary  of  various  Euroj:)ean  localities. 


373. 

Anas  hlanchai(U^  ,M iln«' • Edw.  ^Miocene;  JSt.  Gorantl-le-l’uy, 
Krance.  Restoration  of  skeleton,  % (after  Miliie-Edwards). 


Order  5.  HBRODII. 

The  llerodii,  containing  the  herons,  storks,  and  ibises,  may  be  defined  as 
wading  birds  with  unusually  long  legs,  having  desmognathous  skulls  without 
basii^terygoid  jjrocesses,  and  (save  for  few  exceptions)  with  the  angle  of  the 
mandible  truncate,  the  exceptions  occurring  in  the  spoonbills,  Flaialea. 

The  herons  aju^ear  first  in  the  Lower  Eocene,  Proherodius  occurring  in 
England,  and  Gypsornis  and  Propelargus  from  the  Upj)er  Eocene  of  France. 
An  ibis,  Ihidopsis,  is  found  in  the  Ui)j)er  Eocene  of  England,  and  Ihidopodia  in 
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the  Lower  Miocene  of  France,  while  from  the  same  formation  and  locality 
comes  Leptoptihis,  now  confined  to  warmer  regions  of  Asia  and  Africa.  From 
the  Middle  Miocene  comes  a true  heron,  Ardea,  and  above  that  the  species 
represented  are  of  existing  genera.  The  flamingoes  are  discussed  under  the 
Cheiwmorphae. 


Order  6.  STEGANOPODES. 

The  Sfeganopodes  include  the  pelicans,  cormorants,  gannets,  frigate 
birds,  and  tropic  birds,  and  form  a fairly  homogeneous  group  of  birds  with 
a desmognathous  skull,  a sternum  with  a feeble  keel,  on  the  forwardly  pro- 
duced anterior  portion  of  which  the  lower  ends  of  the  clavicles  rest  and  are 
frequently  joined  by  anchylosis.  A distinctive  external  feature  is  the  union  of 
all  four  toes  by  a web. 

The  desmognathism  of  this  group,  as  indicated  by  the  species  that  have 
been  most  carefully  studied,  is  of  a dift’erent  nature  from  that  of  the  Acdpitres, 
being  a secondary  character  acquired  after  the  bird  has  been  hatched,  and  due 
to  the  extension  of  ossification  into  the  palatal  region,  which  finally  unites  the 
various  portions.  In  the  cormorants,  Phalacrocuracidae,  and  probably  in  the 
gannets,  Sulidae,  this  is  concomitant  with  the  closing  of  the  external  nostrils, 
for  the  cormorants  when  hatched  are*  schizognathous  and  holorhinal,  and  this 
condition  lasts  up  to  about  the  time  they  take  to  the  water.  The  changes 
that  occur  are  directly  connected  with  the  bird’s  habits,  for  the  cormorants 
pursue  their  prey  beneath  the  surface,  while  the  gannets  plunge  down  upon  it 
from  above.  This  absence  of  nostrils  is  associated  with  absence  of  the  supra- 
orbital glands,  and  this  in  turn  with  the  lack  of  the  depressions  to  contain 
them,  which  are  such  obvious-  characters  in  the  skulls  of  aquatic  birds  with 
open  nostrils,  such  as  ducks,  gulls,  petrels,  and  penguins. 

The  Stegauopodes  seem  to  have  differentiated  early,  for  a cormorant,  Gracii- 
lavus,  occurs  in  the  Cretaceous  of  the  Llnited  States.  Ogpli-uriiis  rnagiius  is 
known  from  the  Eocene  of  Vancouver,  and  Propha'efhon  shrubsolei  and 
Odontopterijx  toliajncus  from  the  London  Clay,  Lower  Eocene.  It  is  possible 
that  this  last  may  not  belong  to  the  order,  although  believed  to  be  related 
to  the  gannets ; it  is  distinguished  by  having  the  mandible  armed  with 
tooth-like  projections.  The  genus  Phalacrocorax  ranges  from  the  Eocene  of 
Montmatre  to  the  present,  and  other  members  of  the  order  are  found  in  the 
Miocene  of  Europe  and  Pliocene  of  the  United  States. 

Order  7.  OPISTHOCOMI. 

The  order  Opisthocomi  contains  but  a single  species,  the  extraordinarv 
hoactzin  {Opisthocomns  cristatas)  of  South  America.  The  skidl  is  schizo- 
gnathous, without  basijiterygoid  facettes.  The  sternum  is  widest  posteriorly, 
and  the  keel  is  cut  away  in  front,  a peculiarity  connected  with  the  presence 
of  a large  crop ; the  furculum  is  anchylosed  to  the  coracoids  above  and  to  the 
sternum  below.  In  the  nestling  the  thumb  is  large,  clawed,  and  used  in 
climbing,  but  in  the  adult  it  is  clawless,  and  even  smaller  than  in  the  majority 
of  birds,  being  a remarkable  instance  of  rapid  retrogression.  The  hoactzin 
seems  to  have  affinities  with  fowls,  on  the  one  hand,  and  the  plantain-eaters, 
Miisophagi,  on  the  other,  and  is  considered  as  a survival  of  a primitive  type. 
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a suj)po6itioii  that  gathers  strength  from  the  presence  of  an  allied  form, 
Filholornis,  in  the  Upper  Eocene  of  Southern  France. 

Order  8.  GALLINAE. 

The  GoUiuae  are  birds  having  a typically  schizognathous  skull,  the  maxillo- 
palatines  being  (with  rare  exceptions)  widely  sejiarated,  the  vomer  sometimes 
absent,  small  and  pointed  when  present;  there  are  basipterygoid  facettes  on  the 
sphenoid.  The  sternum  is  four-notched,  very  deeply  cleft  in  the  true  fowls, 
and  much  less  so  in  the  curassows  and  Australian  Me(japod(‘s,  the  other  two 
groups  included  in  the  order.  The  ])robable  affinities  of  the  fowls  with  the 
tinamous  have  already  lieen  noticed  ; through  the  sand-grouse,  PterorJetes,  they 
are  connected  with  the  pigeons,  Cvlnittbae,  both  of  which  are  placed  in  orders 
by  themselves,  although  the  former  is  not  here  noted.  Another  order, 
Hcmipodii,  is  usually  made  for  the  recejition  of  the  small  birds  of  the  genera 
Ciifnniix  and  Pcdionoinna,  familiarly  known  as  button  cpiails  or  bush  quails, 
and  ranging  from  Spain  to  Australia. 

A small,  generalised  form,  (dcdlimdoidcs,  nearly  related  to  the  existing 
Oiialis,  but  considered  as  representing  a distinct  family,  has  been  described 
from  the  Green  llivei'  Eocene  of  Wyoming,  and  true  Gallinae  of  the  genera 
PaJueortijx,  Taoperdir,  and  Tetrao  occur  in  the  Upi)er  Eocene  of  France.  The 
genus  Phasiatius,  not  found  native  in  Europe  as  an  existing  genus,  occurs  in 
the  Miocene  of  France.  Cofurnix  dates  back  to  the  Eocene,  and  Cohnnha  to 
the  Lower  Miocene  of  Europe. 

Order  9.  COLUMBAE. 

The  Colnrnhae,  or  pigeons,  have  a schizognathous  skull  and  schizorhinal 
nostrils,  a point  wherein  they  differ  fiom  fowls.  The  furculum  is  U-shaped 
and  devoid  of  a hypocleidium,  the  sternum  four-notched  and  normally  ivith 
a deep  keel,  the  pigeons  as  a rule  lieing  birds  of  ])owerful  flight.  The  angle 
of  the  mandible  is  usually  truncate,  and  the  deltoid  crest  of  the  humerus 
produced  into  a point. 

Eemains  of  existing  genera  occur  from  the  Miocene  upwards  in  various 
parts  of  the  world. 

Order  10.  ACCIPITRES. 

The  AccipU res,  as  liere  considered,  contain  the  diurnal  birds  of  prey,  the 
owls,  the  American  vultures,  and  the  secretary  bird,  four  very  distinct  groups. 
They  have  an  imj)erfectly  desmognathous  skull,  the  spongy  maxillo-palatines 
being  only  jiartly  united  with  one  another,  and  in  some  sjiecies  even  free. 
Basipterygoid  facettes  are  absent  in  the  diurnal  birds  of  prey,  but  present  in 
the  other  members  of  the  order.  The  owls,  or  Sfrigcs,  are  thought  to  be 
related  to  the  Caprimnlgi,  and  are  characterised  by  having  the  orbits  facing 
forwards,  and  by  the  reversion  of  the  outer  toe,  this  last  feature  being 
possessed  also  by  the  somewhat  exceptional  and  widely  distributed  osprey, 
Pandion. 

The  earliest  known  members  of  the  order  are  IJthornis  from  the  London 
Clay,  Eocene,  Palaeocircus  from  the  Eocene  of  the  Paris  Basin,  and  Bubo  from 
the  Eocene  of  MAoming.  Teracus,  Palaeohierax,  and  representatives  of  modern 
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genera  are  found  in  the  Miocene  of  France.  Gypogeranus  occurs  in  the 
Miocene  of  Africa,  and  Palaeohorus,  a form  allied  to  Fohjhorus,  comes  from  the 
Pliocene  of  Mexico.  Harpagomis,  a bird  much  larger  than  any  existing  eagle, 
has  been  found  in  the  Pleistocene  of  New  Zealand. 

Order  11.  PSITTACI. 

The  Psittaci,  parrots,  have  a desmognathous  skull  devoid  of  basipterygoid 
facettes,  with  the  beak  so  hinged  to  the  cranium  as  to  permit  considerable 
movement.  The  quadrate  has  a peculiar,  long  neck,  and  there  are  processes 
from  the  lachrymal,  post-frontal,  and  squamosal,  which  in  a number  of  species 
unite  to  form  a suborbital  bar,  a feature  not  found  in  any  other  birds.  The 
tarsus  is  short,  the  outer  toe  reversed. 

Fossil  parrots  are  rare,  but  the  African  genus  Psiftacus  is  found  in  the 
Lower  Miocene  of  France. 

Order  12.  PICARIAE. 

The  Picariae  comprise  such  a variety  of  forms  that  it  has  been  termed  the 
“ avian  waste-basket,”  while  the  limits  of  the  group  and  its  subdivisions  are 
variously  defined  by  difi’erent  authors.  The  well-marked  groups  embraced 
under  the  term  Picariae,  and  often,  or  usually,  given  the  rank  of  orders,  are  as 
follows  : — Pici,  Alcedines,  Colii,  Trogones,  Coraciue,  Bncerotes,  Macrochires,  Capri- 
mulgi,  Cmuli,  Musophagi. 

That  this  is  not  a natural  assemblage  may  be  considered  as  evident  from 
the  fact  that  no  diagnosis  based  on  osteological  characters  alone  can  be  framed 
to  include  all  members,  though  a better  agreement  is  to  be  found  in  the 
pterylosis  and  muscles.  It  may  be  regarded  as  a convenient  grouping  of 
heterogeneous  forms,  including  many  that  have  become  specialised  in  some 
ways,  while  at  the  same  time  retaining  other  characters  inherited  from  their 
ancestors,  and  distinguished  by  what  they  lack  rather  than  what  they  possess. 

The  sternum  is  variable,  but  the  manubrium  is  lacking,  or  small,  and  the 
posterior  margin  most  often  four-notched.  The  hyjiotarsus  never  contains  the 
number  of  tendinal  perforations  found  in  the  Passeres,  and  there  are  often 
peculiarities  in  the  arrangement  of  the  toes ; thus  some  swifts  and  goatsuckers 
have  the  number  of  phalanges  2,  3,  3,  3 ; the  Avoodpeckers,  cuckoos,  and 
toucans  have  the  fourth  toe  revei'sed  ; in  the  colies  the  first  toe  may  be  turned 
forwards  ; and  in  the  trogons  the  first  and  second  toes  are  directed  backwards. 
The  Pici,  characterised  by  a degenerate  palatal  structure,  and  the  decurved 
end  of  the  scapula,  are  united  by  Fiirbringer  to  form  his  Pico-Passe  res. 

Through  the  plaintain-eaters,  Musophagi,  the  Picariae  seem  to  point  to  a 
distant  connection  with  Opisthocomus  and  the  fowls,  while  the  Caprimulgi  are 
considered  as  related  to  the  mvls,  and  through  the  generalised  Asiatic  tree- 
swifts,  Macropterijx,  from  which  we  pass  to  the  true  swifts,  Micropodidae,  and 
thence  to  the  humming-birds. 

Unitornis,  related  to  the  woodpeckers,  and  Cr;ipfornis,  a relative  of  the 
hornbills,  occur  respectively  in  the  Eocene  of  W}'oming  and  France.  Cijpselus, 
Limiiafornis,  a hoopoe,  Trogon,  and  JS'ecrornis,  one  of  the  Musophagidae,  are  from 
the  Miocene  of  France,  the  last  two  hinting  at  a former  more  northerh^ 
extension  of  the  African  avifauna. 
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Order  13.  PASSERES. 

I i’c  order  Fasseres  eiiil>races  about  one-half,  or,  in  round  numbers,  6000 
species  of  existing  birds,  mostly  of  small  size,  the  raven  being  the  giant  of  the 
order,  vddely  distributed  over  the  globe.  The  skull  is  aegithognathous  ; ^ the 
stermim  bears  a Y-shaped  manubrium,  and  is  deeply  two-notched  behind 
{GonoAophaga  and  a few  others  are  four-notched).  The  hypocleidium  (inter- 
clawvle)  is  well  developed  save  in  Mennra  and  Atrichia,  and  almost  rests  upon 
the  tenterior  part  of  the  sternal  keel. 

r'  IVith  the  single  exception  of  Clioloriiis,  in  which  the  fourth  toe  is  a mere 
vestige,  there  are  three  toes  in  front  and  one  behind  ; the  hypotarsus  is  more 
highly  specialised  than  in  any  other  group,  having  four  large  tendinal 
perforations,  and  sometimes  two  smaller  ones  in  addition ; the  typical  number 
of  }>resacral  vertebrae  is  nineteen,  fourteen  of  which  are  cervical,  the 
Australian  genus  Fetroica  being  exceptional  in  having  thirteen.  The  skeletal 
variations  in  all  this  great  group  of  birds  are  small,  so  small  indeed  that  it  is 
almost  impossible  to  i;se  them  in  making  subdivisions,  external  differences, 
such  as  slight  variations  in  the  proportions  of  the  toes  and  form  of  the  beak 
being  used  for  this  purpose. 

It  is  instructive  to  note  that  Huxley  and  Ftirbringer,  who  used  skeletal 
characters,  made  two  families  of  the  Fasseres,  while  Sharpe,  using  external 
characters,  makes  forty-nine.  The  Australian  lyre  birds  {Mennridae),  however, 
form  a distinct  group,  and  so  do  the  Asiatic  broadbills  (Evrglaimidae),  as 
well  as  the  American  tyrant  flycatchers  {Tyramidac),  and  their  relatives; 
also  the  ant  thrushes  (Formicariidae),  and  their  relatives.  The  order  dates 
from  the  Eocene,  Fulaeospiza^  coming  from  the  Florissant  Shales  of  Wyoming, 
and  Falaegithalus  and  a starling  (Lnurillardia)  from  the  Eocene  of  the  Paris 
Basin.  Above  that  horizon  more  occur,  but  the  small  size  of  most  Passeres 
is  a good  reason  for  the  lack  of  discovery,  or  lack  of  preservation,  of  many 
species. 

In  conclusion,  it  may  be  well  to  repeat  that  our  knowledge  of  the  phylogeny 
of  the  various  groups  of  Inrds  is  very  imperfect,  and  that  most  of  the  fossil 
forms  are  not  only  representatives  of  well-known  families,  but  often  belong  to 
the  same  genera  as  species  now  living  in  the  same  geographic  area  in  which 
the  fossils  occur.  This  is  in  marked  contrast  with  what  we  find  in  the 
Mammalia,  for  not  a family  of  these  found  in  the  Eocene,  and  few  from  the 
Miocene,  are  represented  by  living  species. 

From  the  fact  that  the  majority  of  l)irds  possess  the  power  of  flight  they 
throw  little  light  on  the  problems  of  former  land  connections  and  lines  of 
distribution,  although  they  may  to  some  extent  indicate  climatic  differences 
between  the  j)ast  and  the  ])resent.  There  is  a great  gap  between  the  birds  of 
the  Eocene  and  the  toothed  birds  of  the  Cretaceous,  and  a greater  one  between 
these  and  the  Jurassic  Archaeopferyx,  while  the  point  at  which  birds  diverged 
from  reptiles,  and  put  on  their  dress  of  feathers,  is  wholly  unknown. 

[Tlie  jiiTccding  chapter  on  Aves  lias  been  revised,  and  in  large  ]iart  rewritten  by  Mr. 
Frederic  A.  Lucas,  of  the  L’nited  States  Xational  Mnseinn  at  AVashington,  D.C. — Editor.] 

’ /‘(ii'ker,  ir.  K..  On  the  vSkull  of  Aegithognathous  Birds  (Trans.  Zool.  Soc.  London,  Part  I.  vol. 
IX.  pp.  289-3.52  ; Part  II.  vol.  X.  j.p.  251-314),  1873,  1878. 

- This  specimen  .seems  to  have  been  lost,  but  one  is  inclined  to  doubt  from  the  figure  that  this 
bint  is  truly  a passerine. 
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. . . A most  valuable  addition -to  the  scientific  literature  of  the  world,  and  the 
publication  of  the  second  volume,  dealing  with  the  vertebrata,  will  be  awaited 
with  the  keenest  interest  on  all  sides.” 

FIELD. — “An  admirable  introduction  to  the  study  of  those  fossils  or 
petrified  organic  remains  of  plants  and  animals  which  existed  before  the  present 


geological  period  and  the  advent  of  man  on  the  face  of  the  globe.  . . . ^Vill  be 
of  the  greatest  possible  assistance  to  all  geological  students.  , . . Too  much 


praise  cannot  be  bestowed  on  the  accuracy  and  beauty  of  the  illustrations.” 


MACMILLAN  AND  CO.,  Ltd.,  LONDON. 


THE  CAMBRIDGE  NATURAL  HISTORY 


Edited  by  S.  F.  Harmer,  Sc.D.,  F.K.S.,  Fellow  of  King’s  College,  Cambridge, 
Superintendent  of  the  University  Museum  of  Zoology,  and  A.  E.  Shipley, 
M.A.,  Fellow  of  Christ’s  College,  Cambridge,  University  Lecturer  on  the 
Morphology  of  Invertebrates. 

To  hf  completed  in  Ten  J^olnmes.  Sro.  Price  17s.  net  each. 

The  following  Volumes  are  reahy 

WORMS,  LEECHES,  ETC. 

VOLUME  II 
Second  Impression 

Flat  Worms.  By  F.  ML  Gamble,  M. Sc.  Viet.,  Owens  College. — Nemertines.  By  Miss 

L.  Sheldon,  Newnham  College,  Cambridge. — Thread-worms,  etc.  By  A.  E.  Shipley, 

M. A.,  Fellow  of  Christ’s  College,  Cambridge. — Rotifers.  By  Marcus  H.^etog,  M.A., 
Trinity  College,  Cambridge,  D. Sc. Bond.,  Professor  of  Natural  History  in  the  Queen’s 
(Jollege,  Cork.-  Polychaet  Worms.  By  ML  Blaxland  Benham,  D.Sc.,  Hon.  M.  A.  Oxon., 
Professor  of  Biology  in  the  University  of  Otago. — Earth-worms  and  Leeches.  By 
F.  E.  Beddari),  M.A.  O.Yon.,  F.R.S.,  Prosector  of  the  Zoological  Society,  London. — 
Gephyrea,  etc.  By  A.  E.  Shipley,  M.A.,  Fellow  of  Christ’s  College,  Cambridge. — 
Polyzoa.  By  S.  F.  Harmer,  Sc.D.,  F.R.S.,  Fellow  of  King’s  College,  Cambridge. 

SHELLS 

VOLU.ME  III 

Molluscs  and  Brachiopods 

• By  tli.g  Ri!v.  a.  H.  Cooke,  il.A.,  A.  E.  Shipi.ey,  M.A.,  and  F.  R.  C.  Reed,  M.A. 

TIMES. — ‘‘There  are  very  many,  not  only  among  educated  people  who  take  an  interest 
in  science,  but  even  among  specialists,  who  will  welcome  a w'ork  of  reasonable  compass 
and  handy  form  containing  a trustworthy  treatment  of  the  various  departments  of  Natural 
History  hy  men  who  are  familiar  with,  and  competent  to  deal  with,  the  latest  results  of 
scientific  research.  Altogether,  to  .judge  from  this  first  volume,  the  Cambridge  Natural  History 
promises  to  I'nltil  all  the  expectations  that  its  prospectus  holds  out.” 


INSECTS  AND  CENTIPEDES 

VOLLL'ilE  V 
Second  Impression 

Peripatus.  By  Adam  Sedgwick,  .M.A.,  F.R.S.-  Myriapods.  By  F.  G.  Sinclair,  M.A. — 
Insects.  Part  I.  By  David  Sii.vrr,  IM.A.  Cantab.,  i\LB.  Edin.,  F.R.S. 

FIELl). — “Although  written  for  the  student  and  the  specialist,  the  book  is  not  the  less 
adapted  to  all  intelligent  readers  who  wish  to  make  themselves  thoroughly  acquainted  with  the 
habits,  structure,  and  the  modern  cla.ssitication  of  the  animals  of  which  it  treats.  To  such  it 
cannot  be  recommended  too  strongly.” 

ENTOMOLOGIST' S MONTHLY  MAGAZINE. — “ M^e  venture  to  think  the  work  wall 
lie  found  indispensable  to  all  who  seek  to  extend  their  general  knowledge  beyond  the  narrowing 
iulluence  of  c.vchisive  attention  to  certain  orders  or  groups,  and  that  it  will  take  a high  position 
in  ■ 'J’ho  Cambridge  Natural  History’  series.” 


INSECTS— Part  11 

VOLUME  VI 
Second  Impression 

Yiym&nopi&ra. continued  (Tubulifera  and  Aculeata),  Coleoptera.  Strepsiptera,  Lepidoptera, 
Diptera,  Aphaniptera,  Thysanoptera.  Hemiptera,  Ancplura.  Bv  David  Shakp,  M.A., 
M.B.,  F.K.S. 

SATURDAY  REVIEir.  — “Mr.  Sliarp's  treatmeut  is  altogetlier  worthy  of  the  serie.s  and 
of  his  own  high  scientific  reputation.  But  in  a work  of  this  sort  it  is  not  only  necessary  that 
information  should  be  accurate,  biU  also  that  it  shall  be  presented  to  the  eye,  so  far  as  illustra- 
tions and  printing  are  concerned,  in  such  a way  as  to  render  its  matter  as  eiusily  intelligible 
as  possible,  and  readily  usable  for  purposes  of  reference.  Under  both  these  heads  we  have 
nothing  but  coinniendation  for  Jli'.  Sharp’s  treatise.  The  illustrations  are  indeed  beautiful, 
aud  the  use  of  the  heavy  type  for  the  headings  of  the  various  sections  and  leading  jiaragraplis 
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